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With changes in posture, alterations in the hydrostatic factor of 
the blood pressure in different parts of the vascular bed tend to 
produce a redistribution of the bloodflow. This would impair the 
circulation of vital organs such as the brain and heart, were it not 
for the operation of certain well known reflexes. These reflexes are 
called into action whenever there is a sufficient change in blood 
pressure in the region of receptor mechanisms located in specific 
areas such as the carotid sinus, the aortic arch, the mesentery and 
probably in other areas. The subject has been reviewed by Bronk. 3 

When a normal person assumes the erect position, the hydro- 
static fall in blood pressure stimulates these receptor endings. 
Peripheral vasoconstriction occurs suddenly as the vasomotor 
center responds to these afferent impulses. This adaptation is so 
prompt that the blood pressure usually appears to be well main- 
tained at a level similar to that observed while reclining. 

In orthostatic or postural hypotension there is a considerable fall 
in blood pressure upon standing, often accompanied by manifesta- 

VOL. 202, NO. 1.— JULY. 1941 1 



2 


JEFFERS, MONTGOMERY, BURTON: 


lions which are presumably the result of cerebral anemia. The clear 
description of such a syndrome by Bradbury and Eggleston 1 has 
stimulated an interest in the subject. Ellis and Haynes 8 have 
emphasized the frequent association of orthostatic hypotension with 
disease of the nervous system, and have investigated certain aspects 
of the abnormal physiology underlying the condition. Our report 
is an attempt to classify patients with orthostatic hypotension 
upon the basis of their reactions to tests of vasomotor function. 
A rationale of treatment is presented, based upon the defects be- 
lieved to be important. 

The effector mechanisms by which vasomotor reflexes exercise 
their control upon the cardiovascular system are of two types: 
First, reflex changes in the tone of peripheral vessels, under control 
of the sympathetic nerves, may alter the peripheral resistance of 
portions of the vascular bed. Secondly, reflex changes in the heart 
rate or volume ejected per beat may alter the cardiac output to 
meet the new situation. The relative importance of these two 
mechanisms has recently been studied in dogs . 9 It was of interest 
to investigate these two types of vasomotor activity when elicited 
by a change of posture from lying to standing, both in normal 
subjects and in patients with orthostatic hypotension. 

Methods. It was difficult to obtain a measure of the early adaptive 
changes which may take place in the heart. Variations in pulse rate may 
reflect these to a certain extent. The pulse rate was measured from the 
plethysmographic records to be described, or by palpation at the wrist. 
As an index of peripheral vasomotor effects, changes in the bloodflow 
through a finger were measured. Finger bloodflow has been shown to 
provide a sensitive index of peripheral sympathetic activity The periph- 
eral sympathetic system tends characteristically to show mass activity, 
producing simultaneous changes in the blood vessels of the skin in widely 
different parts of the body. Therefore deductions made from changes of 
flow in a finger are by no means limited to the behavior of that digit. 

Measurements of flow were made by the plethysmographic technique of 
BurtonV The pulsations from a finger plethvsmograph arc recorded 
optically, utilizing a small rubber cuff placed above the plethvsmograph 
for intermittent occlusion of the veins. Blood pressure was estimated on 
the opposite arm by the use of a Riva-Roeci cuff and auscultation. The 
subjects lay on a bed for 10 minutes, or until blood pressures were constant, 
after which a series of 20 or SO determinations of blood flow were made. 
They then arose to stand quietly beside the bed, with the hand supported 
at the level of the heart. Measurements of flow and of blood pressure were 
then resumed immediately. Other methods occasionally employed in this 
study will be referred to subsequently. 

Measurements of cardiac output 11 and of skin temperature, 15 before and 
after assuming the erect position, have been recorded by others. It rnu-t 
be emphasized, however, that these measurements cannot he made qtiicklv 
enough to reflect the prompt adjustments which rc-ult from reflex activity. 4 ' 
IVc have employed a standard te-t !C of the capacity of the patient to develop 
vasodilatation when heat is applied to a distant extremity (to be referred 
to subsequent Iv as ihmnnl ntUx dilntnlimi) , to serve merely an indication 
of the integrity of the sympathetic nerves supplying the region tc-tcd. 
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I. Normal Subjects. Results for 6 normal subjects are shown in 
Figure 1. Here the mean pressure, computed as the mean of 
systolic and diastolic pressures, changed less than 8 % between lying 
and standing. At the top of Chart 1 are shown single curves of 
flow, one just before, the other just after standing. From these are 
derived the changes in finger volume-pulsation, in flow (given by 
the initial slope of the rising curves), and in heart rate. The data 
shown graphically below these curves are from averages of many 
flow determinations for the 2 minutes immediately following the 
assumption of the standing position. The changes are plotted as 
percentages of the values obtained when lying. 



140— . 



60 -J 

+ 30t 


" 25 - - 
XO-- 
25-- 



50 




P 



BLOOD 

PRESSURE 


1 HEART RATE 
| MEAN PRESSURE 
[] BLOOD FLOW 


73 


-100 


i 


I 


I I I 


I 


-40% 

120 VARIABILITY 
- OF FLOW 
Lo 


Chart 1. — Vasomotor reactions to standing in 5 normal subjects. At the top are 
shown samples of photographic records giving curves of bloodflow in a finger. 


While there is considerable variation from one normal subject to 
another, there are features of 'the vasomotor response which were 
seen to be common to all. The pulse pressure usually diminished, 
associated with a rise in diastolic pressure and sometimes with a fall 
in systolic pressure. The heart rate increased by from 20 to 35%. 
In each case the finger bloodflow decreased markedly, in some cases 
by more than 80%. This decrease, by comparison with the slight 
changes in mean blood pressure, must indicate active constriction 
of the peripheral vessels. Measurements of skin temperature upon 
tilting a normal subject tend to confirm such vasoconstriction. 15 
Thus, in all of our normal subjects there was evidence of both 
peripheral and cardiac reflex effects, but the relative importance of 
the two varied greatly in different individuals. Considerable varia- 
tion might also be expected in the same individual under different 
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environmental conditions. If, for example, the peripheral vessels 
were already constricted by cold, when the subject changed his 
position from lying to standing it might be expected that the major 
burden of reflex change would be borne by the cardiac mechanism, 
as indicated by tachycardia. It is apparent, therefore, that evidence 
concerning the two types of reflex activity, peripheral and cardiac, 
must be considered in relation to their additive effects. There is the 
suggestion, in Chart 1, that when tachycardia is less marked, periph- 
eral vasoconstriction is greater, and vice versa. 

After several minutes of standing, other adaptive mechanisms 
must assume importance in the task of maintaining distribution of 
the blood, for the heart rate tends to decrease and the finger flow 
to increase. Tissue pressure, as it influences venous return, is 
probably a larger factor. 14 It is the inadequacy of these more slowly 
operating mechanisms that leads to syncope seen in “normal” 
subjects after several minutes of very quiet standing, or lying on a 
tilted table. In one subject we observed the initial reflex effects, 
but syncope intervened abruptly after a minute of standing. The 
abnormalities occurring with syncope of this type are probably 
different from those concerned in orthostatic hypotension as dis- 
cussed in this paper. 
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Cnurr 2. — Vasomotor reaction** to standing, in 0 patient 4 * ^ith orthostatic hypo- 
tension. Note absence of tachycardia m C~1 and 0-2. 


II. Effects of Surgical Sympathectomy. The important part 
played by the cardiovascular sympathetic reflexes was demonstrated 
bv applying the same tests in cases where parts of the pathway s had 
been interrupted. Chart 2.-1 and ‘111 illustrate the reactions of _ 
patients who had been subjected to surgical sympathectomy for 
arterial Jivpertension: 

Patient A had just recovered from bilateral splanohmeoetomy 
and lumbar ganglionectoiny. In addition, paravertebral injections 
of absolute alcohol had been made by Dr. X. 15. Freeman in an 



TYPES OF ORTHOSTATIC HYPOTENSION 


5 


attempt to interrupt the upper five thoracic rami communicantes. 
The decrease in finger bloodflow upon standing was not appreciably 
greater than would passively result from the considerable fall in 
blood pressure. Although the increase in heart rate was marked 
(accelerator mechanism not abolished by paravertebral injections), 
without the peripheral vasoconstriction there was a considerable 
fall in blood pressure. 

Patient B gave evidence of cerebral damage resulting from a 
stroke. Following bilateral ' splanehnicectomy and lumbar gang- 
lionectomy the slight decrease in finger bloodflow did not indicate 
active vasoconstriction in the finger. The fall in mean pressure, 
and increase in heart rate were even greater than shown by Patient A. 

III. Marked Impairment of Reflex Vasomotor Function— Organic 
Disease. Orthostatic hypotension: Classical case. 

W.L., a white man aged 45, began in 1934 to suffer from weakness, lassitude, 
dizziness, and attacks of unconsciousness sometimes accompanied by 
convulsions. These attacks were precipitated by exertion, occurred almost 
invariably while he was standing, and were aggravated by hot weather. 
They were originally considered to be idiopathic epilepsy. 

In 1938 it was found that he had orthostatic hypotension.* 

The patient gave no history of head injury or of syphilis or other infection. 
Prior to 1936 he had used both alcohol and tobacco to considerable excess. 
Further symptoms included loss of sexual desire and potency since 1933; 
intolerance to hot weather; failure to sweat save over a small area of the 
trunk; constipation, and pyrosis. Weakness was most marked upon 
arising in the mornings. No therapy had been found to give him relief. 

Upon physical examination he was found to be of sthenic habitus. His 
complexion was usually ruddy, in contrast with the pallor said to be fre- 
quently associated with this disorder. When standing he would shuffle 
his feet constantly, unless he were specifically directed to the contrary. 
His blood pressure while lying varied from 120/70 to 150/110, his pulse 
from 65 to 90. Upon standing, his pulse did not accelerate, or increased 
by 20 beats per minute at most. The blood pressure usually fell to a level 
of 60/50 or lower after 1 or 2 minutes of quiet standing. The general 
examination was otherwise negative, save for the presence of small genitalia, 
and feminine distribution of pubic hair. 

A neurologic examination performed April 19, 1940, by Dr. James S. 
Dean, revealed sluggish reactions of the pupils to light; abnormalities of. 
associated movement and dysdiadokokinesis in the upper extremities; a’ 
disproportionate hyperreflexia in the lower extremities, with absence of 
normal plantar flexion and questionably positive Babinski’s and Chaddock’s 
signs on the left. These findings were interpreted to be “compatible with 
the presence of a considerable degree of bilateral cerebral atrophjr.” 

An encephalogram, performed October 30, 1936, in the Temple University 
Hospital, was interpreted as indicating “a communicating hydrocephalus, 
apparently the result of arachnoid adhesions.” 

Repeated blood counts, urinalyses, and blood Wassermann reactions 
were not abnormal save for the finding of hyaline casts in a single urine 
specimen. Blood analyses gave the following results: blood urea nitrogen 
11 mg. per 100 cc.; fasting blood sugar 76 mg. per 100 cc.; serum cholesterol 

* We are indebted to Dr. John A. Reisinger, the Veterans’ Administration, 
Washington, D. C., for this discovery, for referring the patient to us, and for allowing 
us to cite extensive investigations performed under his direction. 
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201 mg. per 100 cc., serum proteins 6.3%; serum potassium 6.1 and calcium 
11.6 miiii-equivalents per liter. A glucose tolerance curve was normal 
Analyses of gastric contents showed no free hydrochloric acid, and a maxi- 
mum total acidity' of 17 units. 

The basal metabolic rate was -19% and -17% on two occasions. 
Repeated electrocardiograms showed left axis deviation, small T waves 
in Leads I and II, and inversion of T waves in Leads CF-4 and CF-5. 
Orthodiagrams were normal. Upon lumbar puncture no abnormalities of 
pressure, mechanics, chemistry or cytology were found. 

During a period of observation in the University of Pennsylvania Hos- 
pital, on the sen-ice of Dr. 0. H. P. Pepper, it was observed that his oral 
temperatures reflected that of his environment during warm weather 
(Chart 3). In addition, although he did not sweat spontaneously, even in 
a very warm room, the integrity of his sweat glands was evidenced by 
profuse generalized sweating after the subcutaneous injection of 10 mg. of 
acetyl-B-methylcholine, or 0.5 mg. of carbanhnoylcholine chloride. The 
volume of urine secreted during the night was found to be slightly in excess 
of that passed during the day. 

Further examinations bearing upon the abnormal physiology in this 
patient will be described later. A review of the literature indicates that 
not more than 12 cases of classical orthostatic hypotension arc on record. 

Chart 2, C-l and C-2, illustrates the slight vasomotor activity shown 
by this patient. C-l was obtained shortly after admission to this hospital. 
Since upon standing the patient was prone to lose consciousness, the test 
was performed by tilting his bed to an angle of 30°. Even with the very 
great fall in blood pressure, the increase in heart rate was insignificant, and 
the finger flow decreased relatively less than the mean pressure. Some 
months later, after treatment, the level of blood pressure while lying was 
higher, and the test could be made from lying to standing without fainting. 
Again, C-2, the diminution in finger bloodflow was not sufficiently great to 
indicate active vasoconstriction in spite of the marked fall in blood pressure. 
Nor did the degree of tachycardia correspond with the change in blood 
pressure. 

Upon pressure over the carotid sinuses there was no change in heart 
rate, and the fall in systolic pressure was 10 mm. Hg. When nitroglycerin 
gr. 1/100 was given sublingually with the patient lying quietly, the change 
in heart rate was slight, the fall in blood pressure, marked: before, blood 
pressure 140/110, pulse 60; 10 minutes after, blood pressure 55/50 (?), 
pulse 7S. From these tests we conclude that in this patient with classical 
orthostatic hypotension the vasomotor reflexes, both peripheral and cardiac, 
were markedly impaired. 

The defects of his reflex vasomotor activity could be demonstrated in 
other ways: the flow of blood through the finger of a normal subject con- 
tinually fluctuates between high and low values ns a result of intermittent 
spontaneous activity of the sympathetic nervous system. Successive 
determinations of flow show a wide fluctuation (Chart 4-A). A measure 
of the degree of fluctuation is provided by the standard deviation from the 
mean of a scries of 30 successive measurements. 5 Results for this are 
plotted as in Charts 1 and 2. The variability amounts to between *20% 
and *35% of the mean in normal subjects. In our patient, however, the 
flow was rcmarkablv constant fChart 4-B). the standard deviation being less 
than 7%. In all o’thcr tvpes examined, the variability was normal, save 
in the patient illustrated in Chart 2-A, who gave evidence of cerebral 
damage following a stroke. . , 

Any startling stimulus, sucl> a-- the prick oi a pm. will elicit in the normal 
an intense vasoconstriction of the finger ves-ob (Chart A- A). In nur 
of classical orthostatic hypotension thi= reaction wa« absent (Chart .>-11). 
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The rhythmic fluctuations of peripheral flow seen in normal persons are 
related to the temperature regulatory functions. 5 It was not surprising, 
then, to find that our patient’s regulation of body temperature was markedly 
deficient (Chart 3). 



Chart 3. — Oral temperatures — 0, of a patient with classical orthostatic hypotension, 
with corresponding room temperatures— R. 

Upon heating W.L.’s legs and right hand, his left hand showed normal 
thermal reflex dilatation. No evidence of vasodilatation could be produced 
in either foot by this means, or by novocain block. We have no explanation 
for this discrepancy between the reactions of the upper and the lower 
extremities. 



Chart 4. — Fluctuations of finger bloodflow in a normal person — A, and in a patient 
with classical orthostatic hypotension — B. 


Central Location of Patient’s Lesion: The lack of normal vaso- 
motor activity, both spontaneous and reflex, in classical orthostatic 
hypotension, might be due to widespread lesions of the peripheral 
sympathetic nerves, or to a lesion located centrally. Evidence, in 
addition to the encephalogram, suggested that the lesion was central 
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rather than peripheral: The psychogalvanic response to a startling 
stimulus is indicative of reflex activity of the sweat glands . 6 Al- 
though W. L. showed no diminution of bloodflow, he gave a normal 
psychogalvanic response _ upon receiving such a stimulus. Ana- 
tomically, the sympathetic nerves supplying both the sweat glands 
and the blood-vessels lie together peripherally. The peripheral 
sympathetic nerves were therefore able to function. The absence 
of reflex vasomotor activity thus suggests that there was damage in 
or about the bulbar vasomotor centers. 



CfHHT5. — Reflex vasoconstriction in the finger to a startling noise at the time marked 
by an arrow. A — normal subject. B — classical orthostatic hypotension. 


IV. * Slight Impairment of Reflex Vasomotor Function. A. Both 
Cardiac and Peripheral Mechanisms Involved: The tests which we 
have employed serve to distinguish the classical type of orthostatic 
hypotension from other cases in which there is a significant fall in 
blood pressure upon standing: 

J.Iv. was a boy of 14 who had been afebrile for 9 days following lobar 
pneumonia, due to pneumococcus Type I, treated with sulfathiazole and 
type-specific serum. He was tested in the hope that he might show the 
fall in blood pressure upon standing which is reported to be a frequent 
accompaniment of convalescence from acute infectious disease*. This hope 
seemed amply justified, as illustrated in Chart 2-D. Despite considerable 
tachycardia and active vasoconstriction, there was a marked fall in blood 
pressure. Normal vasodilatation occurred in the toc.- following the applica- 
tion of heat to the arms, indicating no gross abnormality of the sympathetic 
nerves. 

J.M., a voting man of IS, suffered from attacks of iinconsoiou-nc=s with 
convulsions. Examinations of blood chemistry, cardiovascular structure 
and function, and of the central and peripheral nervous sy-term, revealed 
no obvious cause. A tentative diagno-i- of idiopathic epilcp-y «»■ made. 
The basal metabolic rate was —32 and — 3S',' in 19,'tS, and -14 and - 19' «' 
in 1910. Ilis re-pomes of blood pre-'-ure and heart rate upon standing v. ere 
found to be normal in Ancust, 193S. In Juno, 1940, the day following an 
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attack of unconsciousness and generalized convulsions, the blood pressure 
and pulse were discovered to be 100/70 and 60 while lying, but upon stand- 
ing quietly for 2 minutes the blood pressure fell to 70/60 and the pulse rate 
increased to 144. The patient became pale, sweated profusely, and had to 
lie down because of faintness. Upon tying quietly he immediately felt 
better. His pulse rate and blood pressure returned to their resting values 
after one minute. 

He was able to recall that 4 of his 6 attacks occurred during the summer 
months. One attack followed a game of touch football on a relatively 
warm winter day. On another occasion he lost consciousness while standing 
over a radiator, clothed warmly. Although it was not possible to obtain 
measurements of bloodflow, the clinical evidence suggests that his reactions 
were similar to those of J.K. 

It seems likely that, although these patients reacted qualitatively like 
normal individuals, the additive effects of their tachycardia and vaso- 
constriction upon standing were inadequate for maintaining the blood 
pressure. 

B. Peripheral Mechanism Impaired by Localized Lesions: In the 
2 patients above, the additive effects of both cardiac and periph- 
eral reflex activity appeared to be insufficient for maintaining the 
level of blood pressure upon standing. A similar inadequacy can 
result from lesions which affect primarily the peripheral vasomotor 
nerves. Ellis and Haynes 8 have reported the frequent incidence of 
orthostatic hypotension among tabetics: 

T.S. was a colored man, aged 56, with tabes dorsalis. Dr. Louis Laplace 
will publish his extensive observations upon this patient elsewhere, but 
has granted us permission to refer to the abnormalities present. Orthostatic 
hypotension was found occasionally and unpredictably. Half an hour 
before and half an hour after the test illustrated by Chart 2-E, the blood 
pressure was much higher (170/130) and showed no appreciable fall upon 
standing. Our tests indicate that there was normal acceleration of the 
pulse and constriction of the finger arteries accompanying the marked fall 
in blood pressure. Like J.K., he showed normal thermal reflex dilatation 
in his toes. The neurological abnormalities exhibited by this patient lend 
support to our belief that the occasional failure to maintain the level of 
blood pressure upon standing may have been due to transientty inadequate 
vasoconstriction to the lower extremities. 

L.M., a white man of 25, was admitted June 11, 1940, to the neurological 
wards of this hospital, service of Dr. W. B. Cadwalader. Pain and weak- 
ness in both lower extremities were disabling, and had persisted after an 
acute onset in 1936. No arterial pulsations were palpable in the lower 
extremities. Signs of sensory and motor nerve abnormalities in the lower 
extremities were interpreted as being caused chiefly by occlusion of the 
aorta at its bifurcation. Measurement of skin temperatures over the lower 
extremities indicated an almost total lack of thermal reflex vasomotor 
activity. This may have been due in large part to thrombotic occlusion, 
despite skin warmth and color indicative of a good collateral circulation 
through the smaller vessels. While tying quietly his blood pressure was 
138/75, pulse rate 96. Upon standing, the blood pressure fell to 110/70, 
the pulse accelerated to 120. Transient vertigo was noted upon standing. 
Examinations of finger bloodflow were not made. We believe that his 
mild orthostatic hypotension was due principally to deficient vasomotor 
control in his lower extremities. 
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\ . Orthostatic Hypotension Associated with Mechanical Defects in 
the Circulatory System. If an abnormally great fall in blood pres- 
sure can be the result of dysfunction of the sympathetic nerves sup- 
plying the heart and blood-vessels, the same abnormality might 
obtain if there were mechanical defects which would nullify the 
activity of a normally functioning vasomotor system. Through the 
courtesy of Drs. W. E. Lee and N. E. Freeman, we are permitted to 
report our observations upon one of their patients who appeared to 
illustrate the latter: 

B.L., a girl of 17, had a large venous angioma of the right lower extremity 
extending from the crest of the ilium to the sole of the foot. The right 
foot was swollen and painful. She was prone to faint upon standing quietly. 
Physical examination did not reveal important abnormalities other than 
the angioma. Chart 2, P-1, illustrates the enormous increase in heart 
rate upon standing, accompanied by a considerable fall in blood pressure. 
When she stood up, the volume of a small portion of her lower leg increased 
by 200 cc. In Chart 2, F-2, are shown the results of tying off some of the 
venous communications of the angioma: the blood pressure did not fall 
significantly, but reflex vasoconstriction was still more marked than normal. 
After a second operation, with further ligations, there was maintenance of 
blood pressure with less vasoconstriction Chart 2, P-3. At this time the 
volume of the lower leg increased by only 90 cc. from lying to standing. 
She was entirely relieved of her symptoms. 

The orthostatic hypotension found in this patient seems clearly related 
to pooling of blood in her extensive hemangioma. There was no evidence 
of inadequate reflex vasomotor activity; on the contrary such activity was 
more marked than normal, as a compensatory mechanism. Certain other 
conditions under which pooling of blood is said to occur, such as arterio- 
venous aneurysm, pregnancy, and large varicose veins, are not often reported 
to be associated with orthostatic hypotension, perhaps because of a com- 
pensatory increase in blood volume: We have observed that a girl of IS, 
with marked cardiac enlargement due to a patent ductus arteriosus (proved 
at operation), responded normally to a change from the lying to the erect 
position. 

Discussion. The Clinical Differentiation of Types of Orthostatic 
Hypotension: We have suggested that orthostatic hypotension 
might theoretically result either from inadequate reflex (a) con- 
striction of peripheral vessels; ( b ) acceleration of the heart; or (c) 
augmentation of cardiac output. Our data have not included evi- 
dence concerning (c). Preliminary observations, using a vertical 
ballistocardiograph, suggests that immediately upon standing, the 
cardiac output of normal persons will either fall or remain constant, 
irrespective of the blood pressure . 17 This would minimize (c) as an 
adaptive mechanism, and would suggest that (a) and (h) arc the 
more important in maintaining blood pressure in normal individuals 
under such conditions. 

While we have cited finger bloodflow as an indication of peripheral 
vasomotor activity, it will be seen that one can infer, within limits, 
the extent of such vasomotor activity from the clinical examination 
of the pulse and the blood pressure. If the level of blood pressure 
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is adequately sustained without marked tachycardia, it may be 
assumed that active vasoconstriction has occurred, as demonstrated 
in Chart 1. Conversely, if the level of blood pressure falls ab- 
normally associated with marked tachycardia, it is probable that 
peripheral constriction is inadequate, unless there are mechanical 
faults in the circulation. This latter response is characteristic of 
patients who have suffered functional or structural derangement of 
peripheral sympathetic nerves. Finally, if orthostatic hypotension 
occurs without commensurate tachycardia, as in the classical cases, 
it is to be inferred that the cardiac accelerator pathways do not 
function, but the state of the peripheral sympathetics cannot be 
evaluated without further evidence, such as can be obtained by 
measurements of peripheral bloodflow. 

As illustrated by the clinical cases presented, the discovery of 
abnormalities in the central or peripheral nerves, or of vascular 
thromboses, or arterio-venous shunts, may render more intelligible 
the interpretation of orthostatic hypotension in any given case. 

We suggest, therefore, that a careful clinical examination, in the 
absence of more elaborate tests, will often suffice not only to diag- 
nose the condition, but also to allow an understanding of the ab- 
normal physiology involved and point the way to effective treat- 
ment. 

Treatvient. The primary objective in the treatment of orthostatic 
hypotension is to compensate for the tendency of the blood to 
gravitate to the inferior portions of the body when the patient 
stands erect. 

Various mechanical means have been employed. Victims of this 
disorder soon discover the dangers of standing quietly. They learn 
to sway or to shift from one side to the other, as did our patient 
W. L., so that the pumping action of the muscles can be utilized. 2 
Tight abdominal binders are useful. However, W. L. failed to ob- 
tain subjective or objective improvement from an abdominal binder 
alone, whereas there was definite relief when both legs and the ab- 
domen were bandaged tightly. MacLean and Allen 13 have found 
that symptoms upon arising are less severe in patients having 
orthostatic hypotension, if they will learn to sleep with their heads 
and shoulders elevated. On warm days strenuous physical exertion 
is to be avoided. 

The medicinal treatment of severe degrees of this disorder has 
been generally disappointing, despite some rather optimistic re- 
ports. 7 ’ 11 It should be emphasized that the low levels of blood 
pressure at which patients will experience vertigo or syncope may" 
vary considerably according to the individual, the environmental 
temperature, and the physical activity. It seems likely that the 
state of the cerebral blood-vessels is also an important factor. A 
combination of drug actions which would lower the threshold of 
cerebral activity, while increasing the tone of peripheral arteries and 
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veins, would seem to be desirable. Such a combination is now 
available in amphetamine 16 and paredrinol (veritol). 18 

In elderly persons with cerebral arteriosclerosis, symptoms may 
be experienced when only a slight fall in blood pressure occurs. 19 
For these patients, the use of a pressor drug is probably ill-advised. 
Actually, small doses of amphetamine, without paredrinol, will 
frequently be sufficient for symptomatic relief. Conversely, in 
younger patients with severe orthostatic hypotension, the pressor 
action of paredrinol is probably the most important part of their 
treatment. 

Drugs such as epinephrine and ephedrine will assuredly raise the 
blood pressure, but are prone to give undesirable, side effects. 
W.L. could not tolerate even 5 minim doses of epinephrine sub- 
cutaneously on account of headache and palpitation. The blood 
pressure increased from 120/96 to 150/100, but fell to 90/60 when 
he stood up. 

We have observed the effects of amphetamine, paredrine, pare- 
drinol, and the isomeric constituents of amphetamine in the case of 
W.L. and others. Dr. John A. Reisinger has furnished us with data 
concerning the effects of ephedrine and neo-synephrin upon W.L. 
Because of the variability of his blood pressure responses it is difficult 
to make an accurate analysis of drug action. Suffice it to say that 
he felt his best, and his blood pressure seemed best sustained, when 
he took 10 mg. of amphetamine and 20 mg. of paredrinol orally 
before arising, then repeated the paredrinol at hourly intervals until 
4 p.m. No untoward reactions have resulted from a year’s medica- 
tion according to this schedule. Repeated electrocardiograms, 
taken during trials with various drugs, were most nearly normal as 
regards T wave amplitude when he was taking this combination. 
During hot summer weather, however, this medication did not 
prevent the occurrence of attacks of unconsciousness with con- 
vulsions if he ventured up from the basement of his home. 

Table 1 shows the most favorable responses in pulse and blood 
pressure obtained in the case of W.L. and others during the time 
when they were taking the specified drug, or combination of drugs. 
The least abnormal responses, without therapy, are included for 
comparison. Because paredrinol, in therapeutic dosage, is an almost 
purely pressor drug, having no disturbing side effects in our experi- 
ence, we feel that it deserves a further trial in the treatment of 
orthostatic hypotension. Our experience does not permit a com- 
parison of the clinical effectiveness of paredrinol versus paredrine. 
W.L. complained less of lassitude when taking paredrinol. It is 
apparent that in the case of classical orthostatic hypotension, 
medication sufficient to produce hypertension had to be given. 
Even then, the tendency of the blood pressure to fall was not 
abolished. The lower levels reached were still high enough, however, 
to avert the usual syncopal attacks. 



TYPES OF ORTHOSTATIC HYPOTENSION 


13 


Table 1. — Effect of Drugs Upon Cardiovascular Response to Standing. 
Best Response, Only, to Drugs Tried. 




Dose 

per 

Lying. 

Standing. 

Vertigo 
or faint- 

Side 

effects. 

Pt. 

Drug. 

day 

(mg.). 

B.P. 

! Puise. 

B.P. 

Pulse. 

ness on 
standing. 

W.L. 

None 

Amphetamine 

d-amphetamine 

80 

30 

110/90* 

145/120 

170/115 

80 

SO 

66 

50/45 

70/55 

65/55 

90 

100 

90 

++ 

0 

0 { 

Insomnia 

Insomnia 

Headache 


f-amphetamine 

30 

150/110 

78 

60/50 

90 

+ 

0 


Amphetamine 

Paredrine 

■ 

110/90 

78 

50/? 

90 

+ 

Insomnia 


Paredrinol 

200 

160/110 

72 

70/60 

90 

0 

0 


Amphetamine 

Paredrinol 

10\ 

100/ 

160/118 

66 

70/58 

78 

0 

0 

L.M. 

None 


138/75* 

96 

112/75 

120 

4- 



Amphetamine 

Paredrinol 

m 


90 

60/50 

150 

+ + + 

0 


Amphetamine 

Paredrinol 

51 

100/ 


92 

92/64 

124 

0 

0 

JM. 

None 


100/60* 

66 

42/38 

144 

+ + + + 



Amphetamine 

Paredrinol 

io\ 

60/ 

100/60 

54 

110/70 

90 

0 

0 


* Marked variability from day to day. 


It is perhaps only a coincidence that 2 of our patients were found 
to have basal metabolic rates below the limits of normal. Daily rations 
of thyroid substance were given to J.M. for 2 years, but it was not felt 
justifiable to test its effects without the simultaneous use of other 
therapy. The possibility of contributory endocrine dysfunction 
should be considered in the clinical evaluation of patients having this 
disorder, and treatment should be planned accordingly. In the 
case of W.L., the intramuscular administration of testosterone pro- 
prionate, 140 mg. over a period of 8 days, resulted in no subjective 
or objective change. 

Summary and Conclusions. 1. The physiology of adaptation to 
the erect position is reviewed as the basis for an understanding of 
orthostatic hypotension. 

2. The physiologic importance of peripheral vasomotor activity, 
plus changes in heart rate, is emphasized. 

3. A clinical study of normal subjects, patients following sympa- 
thectomy and those with orthostatic hypotension is reported, using 
chiefly the following criteria: blood pressure, pulse rate, digital 
bloodflow, and skin temperature. 
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4. According to their reactions to the tests above, our patients 
have been classified as having orthostatic hypotension due to slight, 
or marked impairment of reflex vasomotor function, or to mechani- 
cal defects in the circulatory system. 

5. These patients showed orthostatic hypotension in association 
with: lesions of the central and peripheral nervous systems (com- 
municating hydrocephalus, tabes dorsalis, and nerve injury second- 
ary to arterial occlusion); the post infectional state; and venous 
angioma. In one patient (E.M.) no etiology could be discovered. 

6. The clinical evaluation of patients with orthostatic hypo- 
tension is discussed and a rationale of treatment is outlined. 

We gratefully acknowledge further the permission of the following physicians to 
make reference to their patients: Drs. F. C. Grant, I. S. Ravdin, E. A. Mallon. 
Temple Fay, Isaac Starr, F. J. Braceland, and C. C. Wolferth. 

The Smith, Kline & French Company kindly supplied us with the following drugs: 
amphetamine, and its dextro- and levo- forms, paredrinol, and paredrine. 
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HYPERTENSION AND THE PRESSOR ACTIVITY OF HEATED 
EXTRACTS OF HUMAN KIDNEYS. 

By Eugene M. Landis, M.D., 

PROFESSOR OF INTERNAL MEDICINE, UNIVERSITY OF VIRGINIA, CHARLOTTESVILLE, VA- 

(Frora the Laboratory of Pharmacology,* University of Pennsylvania, and the 
Department of Internal Medicine, University of Virginia.) 

Saline extracts of kidneys of hypertensive patients were found by 
Prinzmetal et al .?- 7 to elevate the blood pressure of anesthetized and 
unanesthetized dogs by a slightly greater average amount than did 
similarly prepared extracts of kidneys from patients whose blood 
pressure was normal during life. The variation in the observed 

* The expenses of this investigation were defrayed in part by a grant from the 
Commonwealth Fund for that portion of the work done at the University of Penn- 
sylvania. 
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pressor responses was marked and the results with normal and hyper- 
tensive cases overlapped extensively. Likewise, Harrison et al ., 2 
and Prinzmetal and Friedman 0 found that simple saline extracts 
of kidneys from experimentally hypertensive dogs elevated the 
blood pressure of normal dogs to a greater degree than did extracts 
of normal dogs’ kidneys. 

On the other hand, Pickering and Prinzmetal 5 and Beckwith and 
Chanutin 1 concluded that the extracts of kidneys from experi- 
mentally hypertensive rabbits and rats, respectively, exhibited less 
pressor activity than extracts of kidneys made from normal control 
animals. The last two observations 1 ’ 6 were made with partially 
purified extracts, avoiding thereby the conspicuous initial fall of 
blood pressure which is characteristic of most simple saline extracts 
of kidney tissue 3 and which might conceivably diminish or enhance 
the later pressor effects. 

In view of this uncertainty concerning the pressor activity of 
kidney extracts it seemed advisable to extend the observations on 
the pressor activity of human kidney extracts, using for comparison 
a method of extraction 3 which eliminates almost entirely the initial 
toxic and depressor effects. Despite these apparent advantages, 
the results of these experiments have proved to be even less definite 
than those of Prinzmetal et al., 6 - 1 and Harrison et al. 2 It is of interest, 
however, that in those few instances in which unquestioned pressor 
responses were obtained, peripheral bloodflow as measured by skin 
temperature was not diminished. In this respect the pressor sub- 
stance in extracts of human kidneys resembles the renin of the rab- 
bits’ kidney and the renin-activator-angiotonin system described by 
Page 4 both of which elevate blood pressure without diminishing 
cutaneous bloodflow. 

Methods and Material. Preliviinary observations on methods of 
extraction and assay, (a) Grinding the kidney tissue in a colloid mill 
produced more active extracts than did grinding with sand in a 
mortar, even when preceded by grinding in a Latapie machine. ( b ) 
Treatment of the filtered extract with appropriate concentrations of 
ammonium sulphate, followed by dialysis of the active fractions at 
pH 7.3 was not appreciably superior to heating at 55° C. for 20 
minutes with subsequent filtration. The results with both methods 
were variable, but the average of ten comparisons favored the simpler 
heating method, (c) Changing the pH of the suspension to as low 
as 4.0 or as high as 8.0 prior to heating generally decreased, and never 
increased, the yield of pressor material. The pH of the crude extract 
was approximately 6.5 and heating at this reaction yielded most 
consistent results, (d) Comparison of nephrectomized and normal 
rabbits for assay purposes indicated that the former were preferable 
because pressor responses were not only greater but more consistent, 
agreeing with many similar observations by others on dogs. 
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Routine Procedure. Human kidneys were obtained at autopsy within 3 
to 18 hours after death, and, in 2 instances, at operation. The entire kidney 
or a radially cut portion of the kidney, including both medulla and cortex' 
was divided into small fragments. Enough 0.9% NaCl solution was added 
to make a 20 % extract based on the wet weight of the kidney tissue. This 
mixture was ground in a colloid mill for 5 minutes, during which the tem- 
perature of the suspension did not exceed 35 ° C. Part of this 20 % suspen- 
sion was heated in a water bath at 55° C. for 20 minutes and then filtered 
through two layers of filter paper in funnels also heated to 55° C. This clear 
yellow or reddish extract was used for assay. 

The remainder of the 20% crude suspension was frozen and dried from the 
frozen state (Cryochem process) for preservation and later use if repeated 
testing was indicated. For assay, rabbits weighing between 2.2 and 3.7 kilos, 
were anesthetized by injecting subcutaneously 1.3 cc. of paraldehyde per 
kilo and a bilateral nephrectomy was performed through flank incisions. 
Immediately thereafter the femoral artery was cannulated and connected 
to a Hurthle manometer writing on a smoked drum; heparin was used as the 
anti-coagulant. After a suitable control period (30 to 45 minutes) 20 cc. 
of 20% heated extract were injected into an ear vein at the rate of 1.7 cc. 
per minute by a motor-driven syringe. Ten minutes after the end of this 
initial injection, 5 cc. of a standard active 10% rabbit kidney extract was 
injected to determine to what degree prior injection of the human kidney 
extract had protected the assay animal against the pressor effect of rabbit 
renin. Ten minutes after this second injection the animal was killed by 
asphyxia and the maximum blood pressure response to this stimulus re- 
corded, for comparison with the remainder of the record. Only one sample 
of human kidney extract was injected into each animal. In the early assays 
dosage was graded according to the body weights of the rabbits, but the 
results were not any more uniform than those in which a set dose was 
injected. 

In a group of unanesthetized rabbits effects of kidney extract on blood 
pressure, pulse rate, and skin temperature were observed as previously 
described in detail. 3 Blood pressures were measured in the auricular artery 
graphically at intervals of one minute. Injections were made painlessly 
through a minute T-cannula sewed in a marginal vein of the ear. Skin 
temperature of the opposite ear was measured by means of a thermal 
junction to determine whether or not peripheral bloodflow was decreased 
during the period when blood pressure was elevated. 

The 16 “normal” kidneys were obtained at the autopsies. of patients 
who, during life, had blood pressures of 80 to 120 mm. Hg systolic, and 50 to 
80 mm. Hg diastolic, and presented no anatomic evidence of renal disease. 
The abnormal kidnej r s used can be divided into three groups: (a) t cases of 
chronic glomerulonephritis with blood pressures during life ranging from 
160 to 190 mm. Hg systolic and from 90 to 136 mm. Hg diastolic; ( b ) 15 
cases of benign hypertension with blood pressures during life ranging from 
150 to 300 mm. Hg systolic, and from 90 to 140 mm. Hg diastolic; and (c) 
14 cases of malignant nephrosclerosis with blood pressures during life rang- 
ing from 200 to 280 mm. Hg systolic and from 130 to 180 mm. Hg diastolic. 
The cases chosen for study had histories quite typical of their respective 
anatomic diagnoses. This last group includes 2 cases of hypertension in 
which a unilateral nephrectomy was performed because of (a) anomaly 
and atrophy, and (6) unilateral pyelonephritis. 

Observations. In rabbits the slow intravenous injection of simple 
saline extracts of normal and abnormal human kidnev s w as often 
lethal and almost always strikingly depressor, even after careful 
filtration and centrifugation. The lowering of blood pressure was 
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accompanied by conspicuous blanching of the ear, dyspnea, tachy- 
cardia, and usually a few convulsive movements before death. 
Therefore the rabbit appears to be more sensitive than dogs or 
rats 2,6,7 to the toxic and depressor fractions of these crude extracts. 
On the other hand, freshly prepared heated extracts of human kid- 
neys did not depress blood pressure and were never lethal when 
injected immediately after heating and filtration. After standing at 
room temperature for several hours or in the refrigerator for 24 
hours, a previously innocuous extract usually became depressor or 
even lethal once more. These effects could be abolished again by 
re-heating. 
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Chart 1. — Pressor activity of heated human kidney extracts, normal and hyper- 
tensive cases. To the right the latter are divided into three categories. Each dot 
represents 1 case. 


The heated kidney extracts were either entirely inert producing no 
perceptible effect on blood pressure or pulse rate, or they were 
moderately pressor in some instances. Active extracts produced 
their maximal effect on blood pressure in 2 to 5 minutes; the eleva- 
tion persisted for 30 to 45 minutes or until the record was interrupted 
by the injection of rabbit kidney extract at the end of 10 minutes. 

The results produced in anesthetized nephrectomized rabbits are 
summarized in Chart 1. Of 16 extracts prepared from normal kid- 
neys, 10 were inert and the remaining 6 elevated blood pressure by 
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between 5 to 15 mm. Hg. In the entire hypertensive group, con- 
sisting, of 36 extracts, 20 were inert, while 16 raised blood pressure 
by between 5 and 34 mm. Hg. To the right in Chart 1 the hyper- 
tensive group has been subdivided according to diagnosis. No dif- 
ference could be demonstrated in the pressor activity exhibited by 
extracts of normal kidneys and of those from cases of glomerulo- 
nephritis and benign hypertension. 

In those cases dying of malignant nephrosclerosis, in the third or 
iourth decade, 9 of the 14 extracts were active and 5 were inactive. 
The slightly greater proportion of positive results the greater magni- 
tude of certain of these responses in general, and the higher average 
observed may conceivably suggest a greater renin content in this 
group. Yet no quantitative relationship could be demonstrated be- 
tween the height of the patients’ blood pressures during life and the 
pressor activity of their respective heated kidney extracts. Some 
of the inert extracts, including the 2 prepared from kidneys removed 
at operation, came from cases with blood pressure even higher than 
those providing definitely pressor extracts. While 4, and possibly 
6, extracts in the cases of malignant nephrosclerosis produced pressor 
responses outside the range observed with extracts of normal kid- 
neys, the variation is so great that average figures mean little. Nor 
did it seem likely that a greater number of assays by this method 
could produce any more definite conclusion. 

As mentioned under meihods, the injection of human kidney 
extract into each nephrectomized rabbit was followed 10 minutes 
later by the injection of a standard dose of heated rabbit kidney 
extract for the purpose of detecting the presence of protective or 
anti-pressor effect in the extracts of human kidneys. Extracts 
from 3 normal kidneys strikingly reduced the effect of the subsequent 
injections of rabbit renin, but the remainder reduced the effect of 
the latter injection only slightly or not at all. The extracts from 
hypertensive kidneys showed similar wide variation of protective 
effect. The average protection afforded by the extracts from kid- 
neys of hypertensive cases was slightly less than that accorded by 
the normal extracts, but again the range of variation was too great 
to conclude that a real difference existed. Nor was there any con- 
sistently inverse relation between pressor activity and protective 
action. Comparison of the pressor and anti-pressor assays with the 
rise of blood pressure during asphyxia did not modify these con- 
clusions. 

Finally, to test the nature of the pressor substance in human kid- 
ney extracts, 10 samples which elevated the blood pressure of anes- 
thetized, nephrectomized rabbits by between 10 and 34 mm. Hg 
were injected also into unanesthetized rabbits. Five of these 
extracts, though pressor for nephrectomized rabbits, had no effect 
on the blood pressure of the unanesthetized rabbits, presumably 
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because of the protective action of normal functioning kidneys. The 
other 5, however, elevated blood pressure by 5 to 25 mm. Ilg, with- 
out diminishing peripheral bloodflow. The effects of these few 
active human kidney extracts were therefore similar to those of 
renin, as observed previously for heated rabbit kidney extracts 3 
and in the renin-activator-angiotonin system described by Page. 4 

Comment and Conclusions. The results indicate that renin is 
present in small amounts in some human kidney extracts and pro- 
duces the characteristic rise of blood pressure without reduction of 
peripheral bloodflow in the rabbit’s ear. However, if renin is pro- 
duced in excess by the diseased kidneys of hypertensive individuals, 
the inability to demonstrate greater content in those kidneys indi- 
cates either rapid passage of the substance into the blood stream, 
or rapid inactivation after death by autolysis or by substances in 
kidney tissue which destroy renin. These findings are in agreement 
with the recent observations of Beckwith and Chanutin 1 in rats. 
It would appear that present methods, while yielding suggestive 
results, do not demonstrate any clear relation between blood pressure 
during life and the renin content of kidney tissue after death. This 
conclusion does not in any way invalidate the humoral hypothesis 
of hypertension but emphasizes the necessity of studying active 
substances in blood during life for clear differentiation. 

Summary. Heated kidney extracts were prepared from tissue 
obtained at autopsies of 16 cases with normal blood pressure during 
life and of 34 cases with marked hypertension. Anesthetized, nephrec- 
tomized rabbits were used for assay. Kidney extracts prepared 
from cases of benign hypertension and chronic glomerulonephritis 
were not more active than those of normal kidneys. The four 
extracts which showed pressor activity outside the normal range all 
came from cases of malignant nephrosclerosis. Nevertheless, the 
variations in activity, even in this group, make it impossible to 
demonstrate by these methods any clear relation between blood 
pressure during life and the renin content of kidney tissue after 
death. 

The rise in blood pressure produced by active extracts of human 
kidneys is similar to that observed with renin from other species in 
that the blood pressure of the unanesthetized rabbit rises without a 
decrease of peripheral bloodflow. 
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Mount Sinai Hospital.) 

Wilson and Byrom 12 were able to produce sustained hyper- 
tension as well as necrotic vascular lesions in rats by partially 
occluding one renal artery. We have also produced prolonged 
hypertension, using a different type of renal injury, and in addition 
found that the blood pressure, once elevated, does not quite return 
to the initial level after resection of the injured kidney. 

Method. Albino rats weighing between 120 and 175 gm. were used in 
this experiment. Hypertension was produced by enveloping one kidney 
loosely in a V-shaped strip of cellophane. 7 . 8 At the same time a thin slice 
of the pole of the opposite kidney (less than 10%) was removed for micro- 
scopic examination in half of the animals. Some of the rats died after 
developing hypertension or were sacrificed for histologic studies. Those 
surviving were observed for a period of 1 to 6 months. The cellophane 
wrapping together with the inclosed kidney was then removed through an 
abdominal incision under ether anesthesia and the changes in the blood 
pressures recorded for another period of 1 to 4 months. 

A control series of 24 rats was studied for the effects on the blood pressure 
of unilateral nephrectomy with and without biopsy of the opposite kidney. 
Similar observations were made on 5 male rats whose testes were enveloped 
in cellophane. 

Urea nitrogen in the blood was determined by a gasometric urease method 
suitable for whole blood. 8 Values for normal rats with this method ranged 
between 10 and 30 mg. per 100 cc. 

The blood pressure was measured in the tail by means of the plethysmo- 
graphic method of Williams, Harrison, and Grolhnan. 11 With standardized 
precautions for heating the animals we have found this method to be 
efficient and accurate. ... . . 

The blood pressure usually began to rise within 14 days after application 
of the cellophane, attaining in about 60 days a peak which was maintained 
with slight fluctuations for a period of at least 6 months or as long as the 
injured kidney remained in situ. The maximum pressure level was deter- 
mined by the average of all consecutive readings for a period of 3 weeks 

* This investigation was aided by the Lionel Sutro Fellowship Fund, 
t We wish to acknowledge with gratitude the technical assistance of Mr. Joseph 

Marcus. 
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at the peak of the curve. The maximum rise in blood pressure was cal- 
culated as the difference between the maximum blood pressure level and 
the average preoperative blood pressure. The level after nephrectomy was 
computed by taking the average of all of the readings beginning 3 days 
after operation. The course of the blood pressure in a single representative 
experiment is shown in Figure 1. 
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Fig. 1.— Hypertension due to cellophane perinephritis and maintenance of elevated 

pressure after nephrectomy. 


Results. The pertinent data on 91 rats are recorded in Table 1. 
The maximum rise in blood pressure following unilateral cellophane 
perinephritis ranged from 0 to 100 mm. Hg (mean, 44 mm.). The 
hypertension was maintained in most of the animals throughout 
the period of observation, the longest period being 6 months. Failure 
to develop sustained hypertension was generally associated with one 
of the following conditions: tearing or slipping of the cellophane 
envelope; too tight application of the cellophane resulting in com- 
plete ischemic necrosis of the kidney; and emaciation or illness. 

The cellophane-wrapped kidney was successfully removed from 
44 rats. The blood pressures, if previously elevated declined 
promptly after operation, but seldom attained the pre-hypertensive 
level. Usually they remained elevated at varying points as high 
as 30 mm. above the average initial pressure. Frequently dense 
perinephric adhesions led to considerable trauma and shock during 
nephrectomy. In these instances a sharp fall in blood pressure 
occurred immediately after operation followed by a gradual rise to a 
point up to or above the pre-hypertensive level, and in one rat 
(No. 81) above even the hypertensive level. The detailed readings 
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Table 1. — Hytertension and Vascular Lesions Following Unilateral Renal 
Injuries and Changes in Blood Pressure After Removal of the 
Injured Kidneys. 


Rat. 

Average 
initial 
B.P. level, 
mm. Hg. 

1* 

132 

2 

124 

3 

127 

4 

134 

5* 

129 

6* 

13S 

7 

140 

8 

140 

9* 

139 

10* 

135 

11* 

144 

12* 

154 

13 

140 

14 

130 

15 

127 

16 

i 138 

17* 

, 120 

IS* 

i 133 

19* 

134 

20* 

122 

21 

120 

22* 

136 

23* 

135 

24* 

135 

25 

112 

26 

137 

27* 

137 

28 

121 

29 

121 

30 

127 

31 

136 

32* 

134 

33* 

126 

34* ' 

144 

35* 

139 

36* 

135 

37 

128 

3S 

125 

39* 

140 

40* 

121 

41* 

133 

43 

121 

43* 

139 

44 

123 

45* 

144 

46* 

142 

47 

141 

4S 

130 

49 

140 

50 

130 

51* 

133 


After wrapping one kidney After removal of cello- 
in cellophane. phane-wrapped kidney. 


Maximum 

Duration 


Change 

Period of 

rise in 

of hyper- 

Urea N, 

from 

observation. 

B.P.. 

tension, 

mg. per 

initial 

doj-s after 

mm. Hg. 

days.t 

100 cc. 

B.P. level, 

nephrectomy. 




mm. Hg. 


0 

75 




1 

64 




6 

103 

. . . 



7 

SS 

20 



7 

90 

36 

- 4 

73 

10 

90 

30 



10 

137 




10 

117 




11 

2S 


+ 1 

120 

12 

120 

19 

+ 6 

51 

14 

64 

... 

- 3 

120 

14 

77 




15 

90 

. . . 

- 1 

120 

15 

115 

. . . 



17 

89 



60 

22 

34 

. . . 

+ 7 

23 

85 


+ 9 

90 

25 

131 


+ 10 

62 

25 

67 

... 

+ 8 

120 

28 

65 

... 

+ 9 

120 

29 

131 


+ 9 

6S 

29 

70 

. . . 

+ 14 

117 

30 

70 

. . . 



30 

40 




30 

37 

17 



30 

31 



44 

31 

62 

19 

+ 15 

32 

30 

31 



32 

24 



40 

33 

112 

13 

+25 

34 

101 


+ 6 

40 

34 

34 

35 

90 

116 

56 

is 

14 

+23 
+ 11 
+12 

45 

45 

45 

35 

94 

— 



35 

16 




35 

34 


. . . 


35 

128 

17 



36 

69 


+ 4 

35 

37 

38 

140 

63 

16 

+19 

120 

39 

94 

15 

+21 

42 

40 

100 

21 

+ 17 

20 

41 

44 

38 

64 

IS 

+22 

120 

44 

43 

13 

101 

IS 

+ 12 

48 

44 

45 

45 

44 

107 

10 7 

189 

65 

17 

13 

15 

+22 
+ 7 
+20 
+ 15 

45 

40 

72 

120 



0 

0 


0 


0 


0 

0 

0 

0 

0 


0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 1 . — Continued 


Rat. 

Average 
initial 
B.P. level, 
mm. Hg. 

After wrapping one kidney 
in cellophane. 

After removal of cello- 
phane-wrapped kidney. 

Vascular 

lesions. 

Maximum 
rise in 
B.P., 
mm. Hg. 

Duration 
of hyper- 
tension, 
days.t 

Urea N, 
mg. per 
100 cc. 

I 

Change i 
from 
initial 
B.P. level, 
mm. Hg. 

Period of 
observation, 
days after 
nephrectomy. 

52* 

145 

45 

40 

18 



+ 

53* 

139 

4G 

122 

21 




51 

11G 

46 

130 

31 

. . . 


4* 

5*5 

131 

47 

41 

... 



0 

56 

130 

47 

107 

12 

+ 8 

41 

0 

57* 

130 

47 

110 

27 

+ 7 

39 

0 

5S 

121 

49 

48 

. . . 

. • . 


0 

59 

12S 

50 

17 

. . 



+ 

GO* 

130 

51 

115 

. . . 

+ 16 

72 

0 

G1 

125 

52 

111 

22 

... 


0 

62 

128 

52 

34 





63 

128 

52 

10 


. . . 

. . . 

+ 

64 

127 

53 

25 

, , . 

. . . 

. . . 

0 

G5* 

141 

54 

| 36 

. . . 



! 0 

66* 

139 

54 

64 


+ 13 

115 


67* 

129 

55 

35 





OS 

i 135 

55 

111 


+30 

i 40 

0 

69 

110 

55 

163 


4" 18 

72 


70 

115 ! 

5G 

220 

146 

. . . 


0 

71 

141 

59 

53 

36 

« . . 

. . . 

0 

72 

129 

61 

25 

28 

. . . 

. . . 

+ 

73* 

144 

03 

65 

20 


. . . 

+ 

74* 

127 

G5 

50 

35 

+ 13 

60 

0 

75* 

120 

62 

65 

. . . 

+ 22 I 

96 

0 

76 

158 

G7 

38 

20 

... 

... 

+ 

77* 

131 

69 

75 





78* 

73 

71 

60 

17 

- 1 

115 

0 

79* 

127 

73 

71 

... 

... 


+ 

80* 

124 

61 

118 


+28 

105 

0 

81 

136 

74 

93 

23 1 

+ 72 l 

30 

+ 

82* 

132 

76 

80 

15 

+ 17 

6 

4* 

83* 

134 

76 

60 


+ 30 

120 


84 

120 

77 

97 

25 



+ 

85* 

114 

78 

77 


+ 15 

92 : 


86 

110 

80 

80 

17 



4” 

87* 

117 

80 

41 

16 

+29 

70 

0 

88* 

132 

82 

36 

20 



+ 

89 

128 

87 

100 

19 

+ 30 

56 

0 

90 

122 

98 

90 

17 

. . . 


+ 

91* 

135 

100 

51 

78 


. . . 

4- 


* Biopsy taken. 

t Rats 1 to 15 from operation to death. 


in 3 animals are shown graphically in Figure 2. In 5 instances there 
was observed after nephrectomy a decline or no change as compared 
with the initial blood pressure. Four of these (Nos. 5, 9, 11, 13) 
occurred in rats with little or no rise in pressure after application of 
cellophane. 

The height of the blood pressure after nephrectomy in the hyper- 
tensive animals seemed in general to vary directly with the severity 
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of the preexisting hypertension. This is illustrated graphically in 
Figure 3, which plots the relation in each animal between the maxi- 

DAYS AFTER NEPHRECTOMY 



Fid. 2. — Changes in blood pressure following removal of the affected kidneys in rata 
with hypertension due to unilateral renal injuries. 
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CHANGE IN BLOOD PRESSURE OVER PRE-HYPERTENSIVE 
LEVEL AFTER REMOVAL OF INJURED KIDNEY. EACH 
POINT REPRESENTS THE AVERAGE OF ALL THE READINGS 
FOR 1 RAT BEGINNING 3 DAYS AFTER NEPHRECTOMY. 

Rg 3, — Relationship between the blood pressure level after removal of the injured 
kidney to the severity of the preexisting hypertension. 

mum rise in pressure following renal injury to the change m pressure 
over the initial level after excision of the injured kidney. _ 

The duration of hypertension, within the limits of this experiment 
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did not appear to influence the level of blood pressure after neph- 
rectomy. Equally marked effects were observed in rats with hyper- 
tension of 30 days, as in those of 120 days’ duration. 

Twenty-four control rats (12 of which had had preliminary 
biopsies of one kidney) showed no tendency toward an increase in 
blood pressure level when a completely intact kidney was excised 
(Fig. 4). No changes in blood pressure were noted in the animals 
with periorchitis due to cellophane. 


DAYS AFTER NEPHRECTOMY 



NO BIOPSY OF OPPOSITE KIDNEY 0-0 
BIOPSY OF OPPOSITE KIDNEY 

Fig. 4. — Changes in blood pressure following nephrectomy in normal rats. 

The kidneys which were enclosed in cellophane appeared con- 
siderably reduced in size despite the development of a dense peri- 
nephric capsule. Inflammatory invasion of the cortex resulted in 
varying degrees of interstitial nephritis. Iiyalinized, necrotic and 
inflammatory vascular lesions were observed in 20% of the rats 
involving the medium sized and small arteries and arterioles of the 
pancreas, mesentery, intestines, heart, testes and of the unoperated 
kidney (Fig. 5). No arterial lesions were found in the lungs or in 
the kidney within the cellophane capsule. The intense inflammatory 
and necrotic arterial and arteriolar lesions were confined to the ani- 
mals that had had a severe and rapid rise in blood pressure (more 
than 45 mm. Hg). Their presence did not appear to be related to 
the duration of hypertension or to the degree of renal insufficiency. 
Of the 12 rats with severe vascular lesions in which tests for urea 
nitrogen of the blood were carried out only 2 showed values for 
urea above the normal limits. One rat (No. 70) had marked nitro- 
gen retention without vascular lesions. 
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sun^Tnmh^ 16 ” ltaCt kidnCyS ° f f 6 hype rtensi ve animals that 
\i\cd nepluectomy were compared with those of normal rats 

(and in some cases with those in the place of their own kidney re- 
instancel 3 ^ Strik, ' D * differences ™ observed in only 2 



Fig. 5. — Vascular changes in rats with hypertension due to unilateral renal injury. 

A, Intact kidney. Hyalinization of an afferent arteriole. H & E stain. (X 260.) 

B, Intact kidney. Cellular intimal proliferation of a small interlobular artery. 
H & E stain. (X 260.) C, Pancreas. Subintimal fibrinoid necrosis of small 
artery. H & E stain. (X 260.) D, Intestine. Subintimal fibrinoid necrosis of a 
small submucosal artery. H & E stain. (X 260.) 

Discussion. The effectiveness of the cellophane envelope in 
producing hypertension may be attributed to a combination of 
factors exercising varying roles in different animals: 1, Constricting 
effect of the dense perinephritic capsule; 2, constricting action on 
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the hilar structures with arterial, venous, and ureteral obstruction; 
3, prevention of collateral circulation through the cortex; 4, inflam- 
mation of the kidney substance due to a foreign body. 

Our observations with cellophane are in complete agreement with 
those of Wilson and Byrom 12 who employed arterial clamps. Sus- 
tained hypertension as well as arterial lesions may be produced in 
the rat by an injury to one kidney using either method, the con- 
tralateral kidney remaining intact. In these respects the findings in 
the rat appear to differ from the general experience with experi- 
mental hypertension in the dog and rabbit. Prolonged hypertension 
resulting from unilateral renal lesions was observed in occasional 
dogs by Goldblatt 36 and Wood and Cash 13 and in rabbits by Drury. 2 
They did not note severely hyalinized and necrotic vascular lesions 
in animals with an intact kidney. 30 ' 9 Our data indicate that the 
presence of renal insufficiency is not an essential factor for the de- 
velopment of these lesions. They agree with those of previous 
observers, 30 ' 9 - 12 who emphasized the importance of a rapidly de- 
veloping severe elevation of blood pressure. 

Maintenance of an elevated blood pressure after removal of the 
injured kidney in a hypertensive animal has not previously been 
reported. It cannot be attributed to loss of kidney substance be- 
cause it did not occur in nephrectomized non-hypertensive rats. 
We did not observe significant rises in blood pressure levels over a 
period of one year in normal rats of a corresponding age group, so 
that changes due to ageing may be considered negligible. Grossman 
and Williams 4 recorded blood pressures by direct arterial cannula- 
tion in rats varying in age from 2 months to 2| years and found no 
consistent differences in this range. The influence of cellophane as 
a foreign body may be disregarded, since the changes did not occur 
in all the animals and were not noted in rats with similar injuries 
to the testicles. 

The new level of pressure after nephrectomy does not represent 
a transitional phase between the hypertensive and normal points. 
It was sustained for a period of 3 or 4 months or longer, showing no 
tendency to decline and occasionally even rising gradually toward 
the hypertensive level. 

The persistence of an elevated pressure long after the original 
stimulus has been removed suggests that irreversible changes have 
been induced. We have no evidence concerning the nature of these 
alterations other than those previously described in the vessels. 
The presence of arterial and arteriolar lesions in the unoperated, 
presumably normal kidney may serve to establish new areas of renal 
ischemia; while their occurrence in an extensive splanchnic vascular 
bed may act as a contributing factor in maintaining an elevated blood 
pressure. The findings of Blalock and Levy 1 are of interest in this 
connection. They succeeded in producing complete occlusion of 
the coeliac axis and the superior and inferior mesenteric arteries in 
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dogs and noted a sustained elevation in blood pressure in some 
animals. 

Extensive anatomic changes in the vessels were seen in only a 
small fraction of our animals and may have no causal relation to the 
elevated blood pressure. It is conceivable that an increase in 
peripheral resistance might occur due to narrowing of the vascular 
bed which is too minute to be detected microscopicallv. The 
resistance to flow varies inversely as the square of the radius of the 
\ essel, so that a small change in lumen can effect a proportionately 
larger change in resistance. 

There have accumulated in recent years a number of reports 
bearing on the association of hypertension with unilateral renal 
disease in humans and on the course of the blood pressure following 
excision of the diseased kidney. Sehroeder and Fish 10 reviewed the 
cases in the literature and added 7 of their own. Additional cases 
were reported by Nesbit and Ratliff 5 and by Oppenheimer, 
Klemperer and Mosclikowitz. 6 All authors agree that nephrectomy 
was frequently followed by symptomatic improvement. A decline 
in blood pressure was observed often after operation but was either 
transient or else rarefy attained a level which could be considered 
normal for the patients’ age. Of the 28 subjects reported all but 
6 remained actually or potentially hypertensive after nephrectomy. 

In this respect the observations in humans parallel those in our 
hypertensive rats. Neither in the experimental animal nor in the 
hypertensive patient with unilateral renal disease can one expect to 
obtain a “normal” blood pressure by removing the diseased kidney. 
We do not imply that nephrectomy is therefore bound to be fruit- 
less as far as the hypertension is concerned. On the contrary, evi- 
dence presented indicates that an injury to a single kidney, resulting 
in hypertension, may lead to systemic changes which operate inde- 
pendently of the injured kidney in a manner to maintain an elevated 
• blood pressure. 

Summary. 1. Sustained hypertension was produced in rats by 
means of unilateral renal injury (perinephritis from enveloping the 
kidney in a cellophane envelope). 

2. Hyalinized and necrotic vascular lesions were observed in some 
animals. Their presence was associated with rapidly rising severe 
hypertension but was not related to the duration of hypertension or 
to the presence of nitrogen retention. 

3. Removal of the injured kidney from the hypertensive animals 
resulted in a decline in blood pressure, not to the pre-hypertensive 
level, but to some point above it depending upon the seventy of 
•the hypertension. Maintenance of an elevated, pressure long after 
removal of the injured kidney suggests that irreversible changes 
have occurred which may or may not be related to the changes in 
the vessels. 
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THE GERIATRIC ASPECT OF PULMONARY TUBERCULOSIS. 
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AND 

Charles A. Heiken, M.D., 
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HOSPITALS, AND WHITE HAVEN SANATORIUM, 

PHILADELPHIA, PA. 

(From the Tuberculosis Division of the Philadelphia General Hospital.) 

It is unwise to make elaborate studies of pulmonary tuberculosis 
in the younger and healthier fractions of the population while 
neglecting the old age groups where contact is known to exist. 
Tuberculosis in these older persons reflects the presence of yester- 
day’s epidemiology in today’s society. 

At present, the average fatal case of pulmonary tuberculosis 
occurs in an individual who is several years older than he would 
have been if the sequence of events had occurred a generation ago. 
The graph of tuberculosis mortality shows a falling peak in early 
years and rising peaks in later decades. The swing of the disease 
across the age span requires recognition in order to reduce the dis- 
persion of the infection from old to young, and to elaborate methods 
of attacking the disease in the older individual. It would seem as if 
the infection, slowly being thwarted as a disease, is making head- 
way in old tissues because methods successfully applied in young 
persons are not as adaptable in the older person. Every new case 
of tuberculosis is a demerit chalked up in vital statistic records to 
signify that there are still unstopped loopholes. 

There is no question of the frequency of pulmonary tuberculosis 
in the higher ages. However, it is quite possible that the type of 
management in this group may constitute one of the most important 
obstacles to eventual success in curtailing the disease generally. 
The particular elements common to the older age bracket may be 
summarized as: the different reaction of the older body to the 
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tubercle bacillus; the longer period in which the infection may have 
been present; economic considerations; the welfare of the younger 
members of society; the general difficulties in controlling older 
patients; and the lack of an efficient medical and social approach to 
this problem. If to those growing old, pulmonary tuberculosis is an 
insidious personal matter, it still remains one of the major unsolved 
health problems of the present day. Any effective approach to this 
problem must eliminate the present common attitude of simply 
sighing at the aged tuberculous patient with positive sputum. 

This study includes 3000 consecutive postmortem examinations 
done at the Philadelphia General Hospital during 1936 and 1937. 
Of the group reviewed, about one-third were 60 years and over, 
totalling approximately 1000 individuals. The ratio of white to 
negroes above 60 was 3 to 2. The male and female groups were 
approximately equal in number. 

For general statistical application, pulmonary tuberculosis was 
classified as: 1, fibro-ulcerative; 2, miliary; and, 3, healed fibroid. 
The less usual varieties of the active form were incorporated in 
these groups to avoid over-elaboration. Taubert, 24 found all forms 
of the disease in the higher age group. Stanganeili 23 gives a much 
fuller classification, but the purpose is served by using the three 
groups named. 

Excluding the primary tuberculous complex in the series, it was 
found that tuberculosis of the lungs occurred in 757 patients, which 
is 25% of the general dead that came to autopsy in the period 
mentioned. 

In the fibro-ulcerative group of 462, there were 52 patients (11.2%) 
in the age bracket of 60 years and over. Schlesinger 2 - in a series of 
1800 autopsies, found that 9% of active tuberculosis occurred in 
older persons. The important unknown is: how much tuberculosis 
is disseminated in the general population by this 11.2%?. If the 
figures were applied to the general population, it would indicate 
that 5% of all persons 60 years and over have active, tuberculosis 
(i. e., 52 in 1000 general autopsies) though of course it is recognized 
that our material does not constitute a fair sampling of the popula- 
tion (see Table 1). 


Table 1. — Fibro-ulcerative Group. 


Ratio of whites to negroes. 


Over 60 „ Under 60 

1000 autopsies. -000 autopsies. 



Total. 

Under 

60. 

Total . 

• • 462 

410 

White . 

. 200 

160 

Negro . 

. 262 

250 


Over 

No. 

With 

Cor- 

60. 

auts. 

tb. 

rected. 

52 

3:1 

3:1 

1:1 

40 




12 





No. With Cor- 

auts. tb. rectcd. 

3:2 2:3 4:9 


In the miliary g,m V (referring only to miliary pulmonary tubercu- 
losis and not to the more common terminal miliar, spread) there 
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were 60 patients, of whom 51 died of the disease. Of this number, 
5 were 60 years and over, an incidence of 8.3%. Both Banyai 1 
and Baudot 2 regarded this form as rare in older persons, while 
Braun 3 found an incidence of 14%. von Rosen’s 26 figure for the 
occurrence of the miliary type in general autopsies was 0.5% to 
1.5%. Rich 20 and Follis observed that “miliary tuberculosis tends 
to be a much more frequent complication of pulmonary tuberculosis 
in old age than at any other period of adult life.” The present figures 
show that one older person in 200 has miliary tuberculosis, in agree- 
ment with the limits of von Rosen’s statistics. 

Table 2. — Miliary Group. 

Ratio of whites to negroes. 

Over 60 Under 60 

1000 autopsies. 2000 autopsies. 




Under 

Over 

No. 

With Cor- 

No. 

With 

Cor- 


Total. 

60. 

60. 

nuts. 

tb. reeted. 

auts. 

tb. 

rected. 

Total . 

. GO 

55 

5 

3:1 

3:2 l:2 

3:2 

1:6 

1:9 

White . 

. 11 

8 

3 






Negro . 

. 49 

47 

2 







The figures show that this form of tuberculosis does not spare the 
older patient since one-twelfth of the total number occurred in the 
higher age group. The older negro is less prone to this form than is 
the younger of his race, but is more liable to have it than is the white 
member of his own generation. The young white is far less liable 
to the miliary form than is the young negro. 

In the healed fibroid group, there were 235 patients. The cause of 
death in order of frequency of occurrence was heart disease, cancer, 
pneumonia, cerebral vascular accidents, and renal failure. In those 
of the fibro-ulcerative group who did not die of tuberculosis, cancer 
was more common than heart disease as the cause of death. Of the 
235 patients, 153 (65%) were 60 years and over. If this figure could 
be applied to the general older population, it would signify that. 15 
of every 100 persons 60 years and over has healed fibroid pulmonary 
tuberculosis. This is in accurate agreement with Schlesinger’s 
findings. 22 

Table 3. — Healed Fibroid Form. 

Ratio of whites to negroes. 


Over 60 Under 60 

1000 autopsies. 2000 autopsies. 




Under 

Over 

No. 

With 

Cor- 

No. 

With 

Cor- 


Total. 

60. 

60. 

auts. 

tb. 

rected. 

auts. 

tb. 

rected. 

Total . 

. 235 

S2 

153 

3:1 

9:1 

3:1 

3:2 

2:1 

4:3 

White . 

. 192 

55 

137 







Negro . 

43 

27 

1G 








In summary, these figures reveal that a fair percentage of both 
fibro-ulcerative and miliary pulmonary tuberculosis and a very large 
percentage of the healed fibroid form, occurs in persons 60 years 
and over. As to race, there is no difference in the fibro-ulcerative, 
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predominance to a slight degree of the miliarv in the older negro 
and marked predominance of the healed fibroid type in older white ' 
persons. 

. The keynote of the geriatric approach to pulmonary tuberculosis 
is that there has not been general appreciation of the frequency of 
the disease in older persons. 1 - 2 ' 4 - 8 ' 10 - 13 - 16t '- 1 7-i9.2i-24 j t j s interesting 
that Osier’s 19 studies were made at this hospital a half century ago. 
He wrote that “at the Philadelphia Hospital, in bodies of aged 
persons from the almshouse, it was extremely common to find either 
old or recent tuberculosis.” The reason for such frequency is due 
to the combination of three contributing groups: 1, those in whom 
the disease was diagnosed in early life, treated successfully, and 
obtaining a normal tenure; 2, those in whom there was no early 
diagnosis due to self-neglect or inadequate study; and 3, those in 
whom there were no marked clinical manifestations of the disease 
until later life, or who contracted the disease then. Of the third 
group, it may be that the tuberculosis is of recent date, but due to 
the changed physiology of the elderly body, it evokes a proliferative 
rather than an exudative response. Such a body response could 
make recent disease look like an old condition. Banyai’s 1 fine study 
begins on the note that old age changes alter the type of body reac- 
tion. Probably it is true that the disease may be carried through 
life in various phases of activity or inactivity, or that it may be 
contracted in later life with altered response to the infection. The 
three groups enumerated include all forms. It is not to be inferred 
from this that reference is being made to the initial entrance of the 
tubercle bacillus into the body, but rather to that form which is the 
usual clinical manifestation of the disease. 

Having established figures at this hospital for the incidence of 
pulmonary tuberculosis in older persons by comparison with the 
younger group, and correcting the ratios for racial differences, we 
investigated the protocols of 136 individuals 60 years and over who 
had been diagnosed as tuberculous and studied on the tuberculosis 
wards. 

Family History. Of the 136, SO had noted the family history more 
completely than a few routine questions. Thirty-five (26 %) reported 
known tuberculosis in older members of the family. In Myers u 
group of 37 patients, the family history was positive in 24% for die 
preceding generation, and in 35% of the following generation. 
Roentgen examination of 173 persons 65 years and over in a New 
Jersey County disclosed 13 persons with active pulmonary tubercu- 
losis, one of whom had 14 Mantoux positive grandchildren. 

Symptoms. There is a tendency toward understatement of the 
manner in which pulmonary tuberculosis presents itself in the older 
patient In some, the clinical picture is as vivid as that observed 
in the younger decades; in others, there may be few or no symptoms. 

Is it necessary to recognize a new facade to this old structure, or 
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will old landmarks serve? The following is a tabulation of the 


symptoms of this group : 

Per cent. 

Cough 95 

Expectoration 87 

Loss of weight 82 

Fatigue and weakness 72 

Dyspnea 68 

Hemorrhage 46 

Loss of appetite 42 

Night sweats 35 


With the exception of hemorrhage and night sweats, any or all of 
the other complaints could be ascribed to the debilitation of increas- 
ing age. It is quite likely that this facile conclusion is responsible 
for the failure to diagnose cases. The diagnostician must become 
conditioned to the thought that if he is dealing with this train of 
symptoms in an older person, his consideration of pulmonary 
tuberculosis should be as automatic as it would be if the story had 
been presented to him by a younger person. 

Temperature. Of the charts reviewed, 51 % showed an elevation 
of temperature of at least several days’ duration during the course 
of the hospital stay. Many discrepancies can enter into the evalua- 
tion of fever in the elderly. The following are the commonest sources 
of error: the few times in a 24-hour period when the temperature is 
recorded, self-observation, and most important of all, the fact that 
the readings were oral, whereas accurate temperature observation 
in older persons can be obtained best by rectal thermometry. 
Banyai 1 felt that fever did not occur as often due to slower toxin 
absorption via narrowed lymphatics, poor stimulus and lessened 
irritability of the thermal center. Calmette 4 found that chronic 
pulmonary tuberculosis in the aged was possible without fever. 
Ichok 8 noted that febrile attacks were rare. Joress 10 and Rubin, 21 
on the other hand, are inclined to the relative frequency rather than 
to the infrequency of this symptom. 

Roentgen Study. Of the total number, 128 had Roentgen ray 
studies and in each the clinical opinion was confirmed. The dis- 
tribution of the lesion from the report of the film was : 

Per cent. 


Involvement of both upper lobes 45 

Involvement of right upper lobe alone 17 

Involvement of right lung and left upper lobe 11 

Involvement of left lung and right upper lobe 7 

Involvement of entire right lung 5 

General involvement of both lungs 7 

Miscellaneous other than above S 


Where the roentgenologist noted the type of lesion, a diagnosis of 
the fibroid form was made in 56%, one plate was read as miliary, 
and the remainder were grouped as fibro-ulcerative. In 60% cavita- 
tion was reported. Banyai 1 found 43.9% of moderately advanced 
and 52.5% of far advanced cases to have cavitation. Joress 10 
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reported an incidence of cavitation by Roentgen ray reading in 43% 
The corroborative value of the Roentgen ray in each of these pa- 
tients is important because -of the view expressed by Myers 160 ; “ our 
studies have led us to look on the Roentgen ray him of the chests of 
children as almost a total waste as far as tuberculosis is concerned . ” 
After this period of life, however, he urges the widespread use of 
Roentgen ray. In the old chest many changes may have occurred 
that will mislead, but on the whole the picture of pulmonary tubercu- 
losis together with all other findings make a definite diagnosis. 

Sputum. It is important in the control of tuberculosis to de- 
termine just how many elderly individuals with active lesions pro- 
duce sputum which contains tubercle bacilli. In this series, the 
report was positive in 69 %. No figures can be given as to how often 
during a period of years in which the patient had tuberculosis, known 
and unknown, the sputum was positive or negative. Undoubtedly 
spontaneous conversions occur, but when or how often cannot be 
said. It is unfortunate that, unless some check with periodic 
sputum examination is made, it cannot be known when elderly 
patients with the disease, 95% of whom cough and 87% of whom 
have expectoration, are dangerous to those with whom they live. 

In Banvai's 1 group the sputum was positive in 79.1%. In 
Meade’s 15 small series, the positive percentage was 61. Myers 17 
reported 56% in his list, and Joress 10 44%, with the note that 
“undoubtedly a greater incidence of positive sputum cases would 
have been found if other methods (besides the ordinary stained- 
smear examination) had been employed.” Making a study of a 
large number of individuals in an old-age institution, not particularly 
suspected of any disease, Goldmann and Wolff 5 found an incidence 
of 2% of positive sputum. A recent repetition of this work in 
Italy 25 found 3 cases positive in 198 persons in a home for the aged. 
On thoroughly studying these 3, they were found to have pulmonary 
tuberculosis with such a bland clinical complex as to justify the 
opinion that they were well. So much for the individual ; the positive 
sputum is another matter. Certainly where the Roentgen ray is 
so frequently correct, and the sputum positive in 69%, a diagnosis 
should not be difficult. 

Symptoms of Onset. As a guide to differential diagnosis, it should 
be noted in what manner the abnormal condition first presented 
itself to the patient. 

In order of frequency the following symptoms of onset were 
recorded: Pa(ients- 


Cough 

Common cold 

Pleurisy 

Weakness 

Hemoptysis 

Dyspnea . 

Nausea, night sweats, pneumonia, nervousness . 

Heart trouble, hiccoughs 

No particular symptoms 


. . 29 

. . 23 

. . 9 

. . 8 
. . 6 
. . 3 

each 2 
each 1 
. . 20 



GRTIATRIC ASPECT OF PULMONARY TUBERCULOSIS 


35 


For the most part, the onset appeared to be innocuous and diagnosis 
had to wait upon a continuation of such symptoms beyond any 
ordinary expected period of time, or for the development of more 
alarming complaints, or even for other cases in the family to occur 
to require investigation. 

Tuberculin Test. We have no figures for the tuberculin test in 
this group. In the literature there are conflicting views. Kereszturi, 
Goldberger, and Nojima 11 performed the intradermal tuberculin 
test using 0.1 mg. O.T. on 353 white persons, age 40 to 92, and found 
that 96% were positive. These persons were similar to our group, 
namely, urban dwellers of the lower economical stratum. They 
concluded that “ disappearance of tuberculin allergy with advancing 
age is rare.” - It might be predicted that with the general fall in the 
distribution of tuberculous infection the use of the tuberculin test 
in older persons will become increasingly important. Of course 
when clinical impressions and Roentgen ray readings are equivocal, 
the tuberculin test together with every other form of examination 
that may aid, must be used. 7 - 12 

Diabetes Mellitus. It was found that 15 (11%) of this group had 
both pulmonary tuberculosis and diabetes mellitus. In Rubin’s 21 
group the incidence was 17%. All of our diabetic patients had 
positive sputum. Twelve (80%) had a Roentgen diagnosis of 
cavitation. Since there is a greater incidence of cavitation (80% as 
compared with 60%) and of positive sputum (100% as compared 
with 69%) in the diabetics, it is indicated that these patients must 
be more carefully observed because the average elderly diabetic 
is usually a home-body, thus increasing the chance of spread of the 
pulmonary disease in the family. Certainly diabetes mellitus in 
older patients with tuberculosis increases the gravity of the case. 
In Joress’ 10 group, where there was an incidence of 13.3% of dia- 
betics among his tuberculous patients, 37 % of the total mortality 
occurred in this fraction. In our series, death occurred in 52% of the 
136, but among the diabetics the mortality was 60%. 

Therapy. Of this group only 6 (4.4%) had more than bed or 
ambulatory hospital care. In 2 there were phrenic operations. In 
the remaining 4 pneumothorax was attempted, in 1 of whom it was 
completely successful, 1 developed marked hydropneumothorax, 
and in 2 it failed to be induced. It is generally felt that treatment 
too often is too conservative. However, the pthisiologist who does 
pneumothorax should follow the lead of those surgeons who are 
evaluating their older patients closely so that needed surgery can be 
done when indicated. This surgical attitude has been 'summarized 
by Mayo and Nettrour 14 : 1, careful evaluation of the condition and 
reserve of the patient; 2, individual preoperative planning, assuming 
sufficient skill to perform the task with the least risk; and, 3, careful 
attention to detail which, to the highest degree that can be obtained, 
is the secret of success in surgery of the aged. These postulates 



36 


FREEMAN, HEIKEN: 


aie completely applicable to the case when pneumothorax is con- 
sidered. 

Discussion. Those who have studied pulmonary tuberculosis. in 
the higher age group are impressed with the lack of'emphasis on this 
phase in the study of the disease. A flank attack on this weak spot 
would circumvent more circuitous methods to the same end, namely, 
the lessening of the general incidence of tuberculosis. Jennings 9 ’ 
sums up the matter thus: “the prevalence of tuberculosis in the 
older age groups has not been stressed in proportion to the vital 
aspects of the situation as a public health problem.” Drolet’s 5 
warning that the incidence of the disease is falling without a pro- 
portional drop in mortality is not cheering. This mortality ratio 
has persisted in the face of increasingly radical procedures. The 
inference is that isolation, rest, and careful case control have stood 
the physician in better stead in handling the disease in gross than 
any method elaborated to handle the disease in individuals. A 
reduction in general morbidity means a lowering in general mor- 
tality. The older unrestrained and infectious members of society 
must be found and controlled to prevent their continuous contribu- 
tion to the chain of tuberculous infection. 

Isolation of the old positive-sputum patient, however, presents a 
gigantic problem. This responsibility is not strictly speaking that 
of the sanatoria because the aged tuberculous patient may not be 
amenable to active therapeutic measures, nor is he readily adaptable 
to a sanatorium regimen. A sympathetic public has never refused to 
support anything pertaining to child health, yet prevention of 
tuberculosis in children is so definitely associated with the isolation 
of the child’s tuberculous progenitors that the measures in vogue at 
present are a generation tardy. Institutionalizing children from 
infected homes in preventoria and returning these same children to 
their homes without removing the source of the infection is not only 
epidemiologically futile but also harmful therapeutically, 'lhe re- 
moval of the old tuberculosis carrier from his home is as a matter of 
fact usually difficult, and may require the enactment of special 
state measures to effect its accomplishment. 

The establishment of separate communities for old tuberculosis 
carriers close to large municipalities or on the grounds of the state 
sanatoria would be an interesting and not too costly experiment for 
one of the large states to undertake. After the initial outlay, the 
cost of maintenance plus the possible general lessened incidence of 
the disease would be less than the support of these patients m the 
more expensive general hospital, to say little of the benefits to t tie 
state of a falling tuberculosis rate. Prior to the withdrawal ot such 
individuals from active communal life, each would be reviewed by 
those expert in the disease to render an opinion as to whether more 
active treatment could be given. Otherwise these homes would be 
limited to the older tuberculous patient for whom we as yet have no 
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procedure that will render him safe to his community. As com- 
pensation to the patients there would be comfortable homes, gardens, 
minor occupational therapy and association with those of their own 
age and times. The public would be served in having a reduction 
in the incidence of tuberculosis by the stoppage of a major source of 
the disease at its very origin. 

Summary. In 3000 routine postmortem examinations done at the 
Philadelphia General Hospital, it was found that pulmonary 
tuberculosis was present in 25% of the patients. The older age 
group, 60 years and above, comprised one-third of the total necropsy 
figure, and in this fraction there was 28% of the total incidence of 
pulmonary tuberculosis. Included in this 28% were 11% of the 
fibro-ulcerative, 8% of the miliary, and 65% of the healed fibroid 
form of pulmonary tuberculosis. 

If the tuberculosis figures could be applied to the general older age 
population, it would appear that in persons over 60, 5 % have fibro- 
ulcerative, 0.5% have miliary, and 15% have healed fibroid pul- 
monary tuberculosis. A comparison by race showed that the active 
form of the disease was equally as common in elderly whites as in 
elderly negroes, that the miliary form was somewhat more common 
in the elderly negro, and that the fibroid form was much more com- 
mon in the elderly white person. 

The symptom complex is quite like that seen in younger persons, 
but may be obscured by the changes of increasing age, or be inter- 
preted as due to senile debility. Cough and expectoration were the 
most common complaints, but hemorrhage, fever, and night sweats 
were not uncommon. As a rule, the symptoms of onset of the 
pulmonary condition were mild. 

In a study of 136 hospital protocols of older persons who were in 
the tuberculosis division of the Philadelphia General Hospital, there 
was a positive family history in 26%. The Roentgen ray report 
confirmed the clinical impression in every case where it was used, 
and recorded cavitation in 60% of the patients. In 69% there was a 
positive sputum by the routine stained smear method. In the 
diabetics who composed 11% of this group, the sputum was positive 
in each case, and cavitation was reported in 80%. 

Active therapy was negligible. 

Conclusions. The fact that pulmonary tuberculosis is not uncom- 
mon in elderly persons seems to fail to impress both the public and 
the physician, possibly due to the nature of the older body affected 
by a chronically progressive disease. The actual incidence would 
indicate that this large group is a major obstructive feature in the 
national tuberculosis program of segregation of open cases. In 
brief, what is needed is earlier diagnosis, coupled with more stringent 
isolation and more active treatment. Such a program would tend 
to lessen the general incidence of the disease and also to do more 
for the older person so afflicted. Increased emphasis on the geriatric 
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factor in tuberculosis would benefit not only the older patient but 
the general population. 
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In the several centuries preceding the development of serologic 
tests for syphilis and modern antisyphilitic treatment, it was gen- 
erally assumed that every person infected with syphilis and untreated 
therefor ultimately developed some lesion of late syphilis. With 
the then existing lack of laboratory diagnosis, many infected patients 
were unrecognized as such; and in those recognized, the progress of 
the infection could be followed on a clinical basis only. Moreover, 
then as well as now, treatment for all patients recognized as syphilitic 
was the universal rule, and the course of the infection v as more or 
less profoundly modified by this factor. 

Not until 1929, with the publication of BruusgaardV important 
study, was any accurate information available concerning the 
spontaneous evolution of syphilitic infection in untreated persons. 

* This investigation was supported by a grant from the Milbank Foundation. 
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For the first time, it became clear that the course of syphilis was 
widely variable. In approximately equal proportions, in persons 
observed in the absence of treatment over many years, four general 
types of evolution of the disease were observed: 1, spontaneous 
“cure,” i. e., complete freedom from all detectable clinical, labora- 
tory, and even necropsy evidence of the disease; 2, prolonged 
latency, i. e., no clinical evidence of disease manifestations due to 
syphilis, but the persistence of laboratory evidence of infection 
manifested by positive serologic tests .of the blood; 3, the develop- 
ment of apparent allergy, the sensitization of the patient to his own 
treponemes, and the explosive appearance of allergic gummatous 
benign late syphilis, involving chiefly skin, mucosae, bones, and eye ; 
and, 4, the very gradual evolution of the degenerative and potentially 
crippling or lethal late lesions of cardio-vascular or neurosyphilis. 

Quite obviously, it would be of major importance in the individual 
management of syphilis, if not in its public health control, if 
the eventual course of syphilitic infection in each of these four 
directions could be anticipated in the patient at the moment of 
his infection. Both type and amount of treatment might be pro- 
foundly modified if one could predict that Patient A, just infected 
with syphilis, would succeed, even without treatment, in controlling 
his own infection completely, while Patient B was a candidate, even 
with standard treatment, for the eventual development of disabling 
or fatal syphilitic disease. 

This study was planned as a study of certain factors which might 
influence the course of syphilitic infection in the individual patient. 

Possible Reasons for Variations in the Course of Untreated Syphilitic 
Infection. We may consider three variables: 1, the infecting organ- 
ism; 2, extraneous factors, such as intercurrent disease, nutritional 
deficiencies, pregnancy, and so on; and, 3, the defense mechanism of 
the host. 

The Infecting Organism. There has been much clinical specula- 
tion and some experimentation as to whether variations in virulence 
of strains of T. pallidum, or variations in the size of the inoculum, 
might produce corresponding variations in the course of syphilis; 
but neither in human beings nor animals has any convincing proof 
of either of these hypotheses been adduced. 

Aside from strain virulence per se, there is some clinical evidence 
suggesting the “tropism” of certain strains of treponemes for the 
nervous system of human beings. The suggestion has been made 
that there may be “neurotropic” and “ dermotropic ” strains, - 
though tropism for other body tissues has not been even clinically 
identified. Unfortunately, it has not proved possible to confirm 
these reputed strain variations in the laboratory in a satisfactory 
manner. 

Nevertheless-, variation in strain of organism must be kept in- 
mind as a possible, perhaps even probable; explanation of variation - 
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in the course of the infection, though proof of the hypothesis must 
wait upon the so far unaccomplished successful cultivation on arti- 
ficial media of virulent T. pallida. 

Extraneous Factors. 4 lie influence of intercurrent disease, espe- 
cially intercurrent infection, on the course of syphilitic infection 
cannot be accurately evaluated. In associated' tuberculosis and 
syphilis, there is some evidence, not too convincing, of effect of one 
upon the other (Padget and Moore 19 ); but in other associated dis- 
eases, there is only the vaguest speculation. 

Only two extraneous factors can be implicated as even a probable 
influence on the course of syphilis: pregnancy and nutritional de- 
ficiency. It seems reasonably clear that in some as yet unidentified 
manner, pregnancy exercises a favorable influence on syphilitic 
infection (Moore 150 '* and ICemp 12 ); and at least probable that 
nutritional deficiency, especially of vitamin A, B, or both, may pre- 
dispose to the development of certain forms of neurosyphilis, espe- 
cially tabes dorsalis (Moore and Woods 17 ). 

No extraneous factor can be suggested, however, to account for 
the variable course of untreated syphilis as observed in an entire 
syphilitic population. 

The Defense Mechanism of the Host. It is quite clear to the student 
of infectious disease that human beings vary enormously in suscepti- 
bility to many of them, and in the severity of their manifestation. 
At one end of the distribution scale is a small group of “ non-suscepti- 
bles,” rarely if ever attacked by acute infections, and if so only 
mildly ill; at the other, an equally small group of “susceptibles,” 
prone to many infections and seriously affected by all of them. The 
majority of the population stands midway between these two 
extremes. 

The explanation for this epidemiologic phenomenon appears to lie 
within the individual and to be dependent on factors loosely em- 
bodied within the term "human constitution.” 

As applied to syphilitic infection, this inherent variability in 
human constitution does not extend, as with certain acute infec- 
tions, to natural immunity against infection, since, so far as is known, 
all human beings are susceptible; but it seems the most likely 
explanation of the variable course of disease in infected persons. 

The literature on the relationship of human constitution to disease 
is already vast and rapidly growing. No attempt will be made to 
review' it in detail. We point out only that emphasis is shifting 
from the anthropologic and anthropometric approach of earlier 
workers (cf. especially Draper 6 ) to a more purely biologic approach. 
To many W'orkers, including ourselves, it seems probable that 
whatever the relationship between bodily habitus and degenerative 
or metabolic diseases may be, this relationship can hardly be as clear 
cut to infectious diseases, acute or chronic. Here the relationship 
must depend upon inherent biologic factors, such as, for example, 
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the variable ability of different persons to produce antibodies to 
organisms or antigens. There is as yet no clear cut evidence that 
“biologic constitution,” if one may coin the phrase, is related to 
“physical constitution.” 

Even the literature on the relationship of human constitution to 
syphilitic infection is so large, so vague and diffuse as almost to defy 
adequate discussion. There are, for example, many studies, espe- 
cially recently from our own clinic, which show quite clearly that 
race (Turner 25 and Zimmermann 26 ) and sex (Turner 25 and Moore 150 ' 5 ) 
profoundly modify the individual’s reaction to T. 'pallidum. In 
many respects, from the predominating type of early tissue reaction 
to the relative incidence of such late manifestations as cardio- 
vascular or parenchymatous neurosyphilis, syphilis differs in the 
Negro and white races. Both in experimental animals and human 
beings, syphilitic infection is milder in females than in males. 
These facts have been repeatedly observed, but as yet there are 
neither definite information nor adequate hypotheses as to why they 
should be so. 

Excluding from further discussion these two factors of race and 
sex, the literature is fortunately summarized (discursively) in two 
monographs: to 1929, by Konigstein and Wertheim, 13 and to 1937 
by Curtius, Schlotter, and Scholz. 5 From them, the following dis- 
cussion is drawn. 

Certain clinical facts seem clearly agreed upon, and are related by 
most observers to “human constitution.” There is no proof of 
“complete innate immunity” to syphilis in human beings, though 
such a suggestion is contained in the observation (Brandt 3 ) that 
prostitutes who have not acquired the disease within the first 3 
years of practice rarely do so later. There are frequently repeated 
combinations of several syphilitic symptoms (e. g., the association of 
iritis, the folliculo-papular syphilide, and hydrarthrosis in Negroes 
with early syphilis) or of involvement of paired organs (cochlear 
nerve lesions). An extensive early tissue reaction (florid early 
secondary syphilis) seems to protect the patient against the subse- 
quent development of parenchymatous neurosyphilis; while con- 
versely, paresis and tabes tend to occur in those whose outward 
evidence of early tissue reaction was minimal or lacking. Likewise, 
benign late (allergic gummatous) syphilis rarely precedes or is 
associated with parenchymatous neurosyphilis. The disease is 
always more severe in floridity of early lesions and in incidence and 
extent of gummatous late lesions in “virgin soil,” e. g., a popula- 
tion into which it has just been introduced, than in a population in 
which it has been present for many years. 

Hereditary factors have been studied; and there is some evidence, 
not very convincing, that “degenerative,” i. e., parenchymatous, 
neurosyphilis is more frequent in families in which other degenerative 
diseases of the nervous system tend to occur. 
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It lias been repeatedly suggested, but never proved, that syphilis 
acquired at an advanced age is more serious than in early adult life 

Many attempts have been made to link body habitus with cardio- 
vascular and neurosyphilis. Neusser 18 thought that "hypoplastic” 
individuals are particularly disposed to the localization of syphilis 
m the aorta but according to J. Bauer 2 and to Bartel, 1 the “di- 
gestive” and “muscular” types are those particularly disposed to 
aortitis. While they used somewhat different classifications of 
habitus, Stern,* Hirschl-Marburg, 11 and Rasdolski 21 are reported 
to be in essential agreement regarding the relation of habitus to 
paresis and tabes; they found that paretics tended to be hyper- 
sthenic and tabetics hyposthenic. Gyarfas, 10 in a small series, 
reported reverse findings. 

Ivonigstein and Wertheim 13 summarize some of their own investi- 
gations on constitution and syphilis. They state that their results 
are based on an investigation of 10,000 cases but give few specific 
data. They use the classification of habitus as normal tonic 
(sthenic), hypertonic (hypersthenic), hypotonic (hyposthenic) and 
occasionally use also the term asthenic. They believe that papular 
eruptions and leukoderma are most frequent among hyposthenics; 
alopecia is more frequent with hyposthenics and sthenics; recidive 
eruptions are most common with hypersthenics; malignant syphilis 
(report based on 36 cases) occurred oftenest with hyposthenics and 
next oftenest with hypersthenics. They also tried to correlate 
spinal fluid abnormalities in secondary syphilis with habitus but 
found no essential difference between the different body types. 
They do report that hyposthenics with papular exanthems had a 
definitely higher incidence of spinal fluid changes than did sthenics 
with the same type of eruption. They attempt a correlation of some 
manifestations of early syphilis with hair color and report that 
recidive eruptions and alopecia are more frequent with blonds than 
with brunettes, while the reverse holds true with leukoderma. 

Ivonigstein and Wertheim mention several observers who have 
found that the rapidity with which seroreversal occurs under treat- 
ment can be correlated with blood group. Persons belonging to 
group “0” become seronegative most rapidly; those belonging to 
group “A-B” most slowly. 

Since 1929 a number of articles have been published dealing with 
constitution and syphilis, particularly in the European literature. 
Most of these contribute little to the subject but some are worthy of 


mention. . 

Reiter 22 in 1929 carried out experiments to test the hypothesis 
that relative and absolute disposition to infectious diseases is based 
on certain constitutional metabolic peculiarities. He selected 
cholesterol metabolism as the factor to investigate and syphilis 
as one of the diseases. He conducted experiments on a limited 
number of human syphilitics and on a still more limited number of 
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rabbits. His conclusion was that the growth of T. -pallidum is 
favored by high cholesterol content. However, he found what he 
considered to be evidence that the blood cholesterol of patients who 
had developed neurosyphilis (mostly paresis or tabes) were lower 
than the average. He extended his hypothesis to include this ob- 
servation by assuming that in individuals with syphilis and low 
blood cholesterols, the conditions in the tissues generally are rela- 
tively unfavorable for T. pallidum, so the organisms seek out organs 
with high cholesterol content, in this case, brain and spinal cord. 
His recorded data are not at all convincing proof of his conclusions. 

Dujardin 7 first (1922) advanced the theory that the type of 
syphilis a patient might ultimately develop could be determined by 
intradermal test with horse serum (0.2 cc.). His theory was based 
on his doctrine of “hetero-allergy” and his belief that individuals 
who developed gummata were allergic and those who developed 
paresis and tabes were anergic. His doctrine of hetero-allergy was 
that an organism sensitized to one specific antigen is at the same time 
sensitized to other non-specific antigens. Accordingly, a patient 
who was about to develop gummatous syphilis would react intra- 
dermally with horse serum as well as with luetin, while the reverse 
would hold true with paresis and tabes. Sezary and Coumetou 23 
in 1930 reviewed Dujardin’s publications 7 ’ 80 - 6 and presented con- 
vincing evidence that neither the hypothesis nor the observations 
were correct. 

Perkel and his associates 20 in 1930 inquired into conditions pre- 
disposing to the development of cardiovascular syphilis. They 
regarded inadequate treatment, particularly in the early stage, as 
the most important factor; but also believed that constitution 
(habitus and “underdevelopment and weakness of the cardio- 
vascular system”) and unfavorable influences in the environment 
were important. Of their patients with cardiovascular syphilis, 
67.5 % were of the pyknic habitus. 

Lazarovits 1 ' 1 in 1932 reported on the role of constitution in the de- 
velopment of late syphilitic changes, particularly aortitis. He 
investigated 200 men and 100 women, supposedly selected only in 
the sense that they had had the disease for at least 10 years unless 
they had already developed late manifestations. He compared the 
outcome of the disease with habitus (Kretschmer’s classification) 
and concluded that the pyknic type showed the most tendency to 
the development of aortitis. 

Guirdham 9 in 1936 investigated the body type of the general 
paralytic in 27 patients with paresis, using both Pignet’s measure- 
ments and Pignet’s index calculated from Kretschmer’s average 
figures. He concluded that variations in weight in paresis were 
sufficient to change the classification. He also concluded that his 
data do not afford a basis for assuming that any one type is 
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predisposed to paresis, but does not preclude the possibility that 

paretics are relatively more pyknic than tabetics. 

Curtius, Schlotter and Scholz 5 carefully studied a group of 101 
tabetics and their families, and by the same methods, a control 
series of 200 cases of non-tabetics and their families. They found 
that while there was no significant difference in the two groups as 
far as body type was concerned, there was a correlation between 
body type and the severity of tabes. Tabes tended to be more 
se\ ere in the slender (asthenic) individual than in the more broadlv 
built (hypersthenic) individual. That the asthenic habitus was not 
the result of tabes they attempt to show bj r early photographs of 
patients and by examination of their families. Tabetics more fre- 
quently had neurologic and psychiatric disorders antedating the 
development of their tabes, and their families a higher incidence of 
epilepsy, feeble-mindedness and psychoses than the control series. 
Tabes, and particularly “rudimentary” tabes, was commoner in 
the families of tabetics, while other forms of central nervous system 
syphilis were not. These authors investigated other factors, such 
as the vegetative nervous system, the arrangement of capillaries in 
the nail bed, endocrine glands, blood picture, blood type, allergy, 
and so on, without finding significant differences between the test 
and control groups. They do not consider the possible relationship 
between tabes and nutritional deficiency. 

Method of Study. In spite of the vagueness of results achieved 
thus far, it seemed advisable to study the problem of the relation of 
constitution to the course of syphilis by a biologic rather than an 
anthropologic approach. To eliminate the factors of race and sex, 
whose effect on the course of syphilis is well known, the study was 
limited to white males who had developed the following types of 
syphilis: 1, late latent syphilis of 15 to 20 years’ duration; 2, gum- 
matous syphilis; 3, degenerative— fibrotic syphilis: (a, cardio- 
vascular; b, tabes or paresis). The patients were also to have had no 
treatment— particularly in the early stage— or wholly inadequate 
treatment. Data gathered on them included a detailed history of 
the syphilitic infection, the number and severity of other infectious 
diseases they had experienced, active and passive immunization and 
allergy. Information was also secured on positive physical findings, 
necessary routine laboratory work (including routine serologic tests 
for syphilis, spinal fluid findings, Roentgen ray studies of heart and 
aorta) and special investigative laboratory data. These special 
data included quantitative Wassermann tests, results of revaccination 
with cowpox, luetin tests, blood group, horse serum sensitivity, Dick 
test, Schick test, and quantitative tuberculin test (clinical and 
roentgenologic evidence of tuberculosis being absent in all). In 
order to facilitate the gathering of data, special blanks with desig- 
nated spaces for different data were printed and were filled out on 
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each patient studied in the investigation. (Copies of the recording 
blanks are available on request.) 

As the study progressed it became apparent that the rigid criteria 
set up for the selection of material made it difficult to secure patients, 
particularly in a clinic whose clientele was predominantly Negro. 
The criteria were therefore relaxed somewhat to permit the selection 
of patients whose late latent sj'philis was of only 10 years’ duration; 
and patients with gummatous or degenerative late syphilis were 
selected even if they had had a good deal of treatment, provided it 
was administered late enough in the course of the infection not to 
have influenced the immune state to any great extent ( i . e., after 
the fourth year). In spite of these relaxations it was not possible to 
secure enough suitable patients in the period available for the study 
to provide real statistical significance. 

Technical Details of Study. The Roentgen ray studies of heart and 
aorta included fluoroscopy and posterior-anterior and left anterior oblique 
teleroentgenograms. The quantitative Wassermann tests represent titered 
Eagle complement fixation tests. In the revaccination tests with cowpox, 
vaccinoid as well as vaccinia reactions were recorded as positive; the tests 
were done with the “multiple pressure technique.” The luetin tests were 
performed with “organic luetin” furnished us by Dr. George W. Raiziss 
of the Dermatological Research Laboratory. Horse serum sensitivity was 
tested for intradermally by the injection of 0.1 cc. of 1 to 100 dilution and 
ophthalmically by the instillation of several drops of a 1 to 10 dilution of 
normal horse serum. The quantitative tuberculin tests were performed with 
recently prepared dilutions of “old tuberculin.” • 

Results. The results of the study are presented in Tables 1 and 2. 
Data are presented on 7 patients with late latent syphilis, 10 patients 
with gummatous syphilis, and 19 patients with “ degenerative- 
fibrotic” syphilis. Of the 19 patients in the latter category, 6 had 
tabes, 4 taboparesis, 6 paresis, and 3 had cardiovascular syphilis. 

In Table 1 are summarized the data from the study of the patients 
relative to the frequency and severity of past infectious diseases and 
to allergy. No conclusions are permissible, though it is suggested 
that the severity and frequency of the acute infectious diseases are 
higher in patients with long-standing latent syphilis than in those 
with various late manifestations. 

In Table 2 are summarized the results of the various tests for 
immunity done on the patients. As was to be expected, the inci- 
dence of positive luetin tests was highest in patients with gum- 
matous syphilis; in contradiction of Dujardin, 7 ’ 8o ' & there was no 
relation between skin sensitivity to luetin and to horse serum; in 
confirmation of Moore and Eagle, 16 there was no relation between 
quantitative Wassermann titer and type or severity of disease. For 
the other observations enumerated, the number of cases reported is 
too small to justify conclusions. 

Discussion. The purpose of this article is to emphasize a method 
of approach and to encourage others to attack the problem from 
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Table 1. —History of Infectious Diseases and Allergy. 


_ , , No. of 

Type of syphilis, patients. 

Late latent .... 7 

Average 

infectious Extremes of 
“disease “disease 
index.” indices.” 

13 9-18 

Gummatous ... 10 

G 

0-17 

"Degenerative fibrotic” 19 
(cardiovascular, tabes, 
paresis) 

7 

0-1 S 


Allergy in 
palient. 

1 definite 

2 history 
urticaria on 
one occasion 

1 history of 
eczema? 

3 definite 
1 history 

urticaria on 
one occasion 
1 definite 
1 history 
migraine 


Allergy in 
family. 

9 


0 


1 definite 
1 history’ 
migraine 


In taking history of infectious diseases on each patient an attempt was made to 
estimate the severity of each disease by the 1, 2, 3, 4 grading system. "Disease 
index” was determined for each patient by the addition of severity indices of infec- 
tious diseases which patient had suffered. 

In the 7 patients called "Late latent,” the classification of 2 could be questioned. 
In 1 case, a lumbar puncture could not be obtained; in the second case the patient 
had been classified as “ Late latent" but a subsequent examination revealed the resid- 
uum of a juxta-articular nodule and a history of 2 others which had disappeared 
with treatment. 

In the "Gummatous” group, there was 1 patient in whom the history’ was unreli- 
able, partly on account of language difficulty’. If he is omitted there are 9 patients 
with disease index of 7. 

In the "Degenerative-fibrotic” group, S of the 19 patients had histories of infec- 
tious diseases which were none too reliable. If they were omitted, there are 11 
patients with an average “disease index” of 9. Also in this group, 9 of the patients 
with neurosyphilis bad apparently bad some arsenical treatment fairly early in the 
course of the disease which might have influenced them to develop at least a more 
serious type of neurosy’philis. 


Table 2. — Tests of Immunity. 


Type of 
syphilis. 

No. 

of 

cases. 

Results of tests. 

Revaecina- 
tion with 
cowpox. 

Lnetin 

test. 

Blood 

group 

(Moss). 

Horse 

serum 

sensi- 

tivity. 

Die k 
test. 

Schick 

test. 

Quantitative 

tuberculin 

test. 

Wassercaann 

titer. 

Aver 

age. 

Ex- 

tremes. 

Late latent 

7 

4— pos. 

3 — pos. 

3— II 
2— III 
1— IV 
(1 not 
tested) 

1 — pos. 

1— pos. 

2 — pos. 

1 —pseudo 

3— 1: 10 M 

4— 1;M 

5 

0-23 

Gummatous 

10 

7 — pos. 

6— pos. 

3-II 
3— III 
1-IV 
(3 not 
tested) 

No pos. 

4 — pos. 

3— pos. 

1 — comb. 

4— 1:10 M 

5- 1 ;M 
1—1:100 

19 

0-100 

“Degenerative 

fibrotic" 

(tabes, 

paresis, 

cardiovas- 

cular) 

19 

7— pos. 

(3 positives 
uncertain of 
previous 
vaccination) 
(1 not tested) 

1 

2-1 

4 — II 
2— III 

9 — IV 
(2 not 
tested) 

No pos. 
(3 not 
tested) 

4— pos. 

6 — pos. 

3 — comb. 

1— 1:100M 
S— 1:10M 

S — 1:M 

1— 1:M neg. 
1—100 neg. 

19 

0-150 
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this angle. It is admitted that because of the rigid criteria for the 
selection of patients and the limited period of time available for the 
study, the number of patients here studied is not large enough to 
give statistical significance to differences in data. 

The ultimate aim of such a stud}' - is the securing of data sufficient 
to enable one to predict the eventual outcome of infection in an 
individual with syphilis if he is untreated early in the course of his 
disease. This might allow real individualization of treatment. 
Patients with poor prognoses might be given more and perhaps 
different treatment than others, and other clues might enable the 
supplementing of ordinary methods of treatment. 

In the patients of this study, the immunologic background to 
other diseases has been emphasized. Added desirable observations 
would be antibody production to bacterial ( e . g., typhoid vaccine) 
and foreign protein (e. g., egg white) antigens. There are of course 
no present means of testing qualitatively and quantitatively for 
immunity against syphilis; and the mechanism of antisyphilitic 
immunity may well not be comparable to that of most infectious 
diseases. The evidence so far available indicates that immunity 
in syphilis is predominantly tissue rather than humoral, and perhaps 
more comparable to immunity in tuberculosis than to that in acute 
infectious diseases. Possession of more knowledge of immunity 
in syphilis and ways to test for it would be invaluable and should 
facilitate to a great extent the study of constitution and syphilis, 
and the development of methods of prognostication. 

Summary. The literature on the human constitution and syphilis 
has been briefly reviewed. A method of attack on this problem has 
been outlined and the potentialities emphasized. Data from cases 
studied in this manner have been presented. 
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THE CEPHALIN FLOCCULATION TEST IN CIRRHOSIS OF 

THE LIVER. 

By Franklin M. Hanger, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, COLUMBIA UNIVERSITY, 

AND 

Arthur J. Patek, Jr., M.D., 

ASSOCIATE IN MEDICINE, RESEARCH DIVISION FOR CHRONIC DISEASES, 
WELFARE ISLAND, N. X. 

(From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, the Presbyterian Hospital, New York City, and the Research 
Service of the First Medical Division at the Welfare Hospital.) 

In previous reports a flocculation reaction lias been described 
which is usually positive in diseases characterized by diffuse inflam- 
mation of the liver parenchyma. 10 -'’ Details of the test have been 
described elsewhere. In brief, it consists of adding an emulsion of 
cephalin and cholesterol to diluted serum and noting the degree of 
flocculation and precipitation after 24 and 48 hours. The serum 
of normal subjects gives a negative test. Likewise, the sera of 
patients with disease of the bile ducts or chronic passive congestion 
of the liver usually give negative tests,* whereas cases of hepatitis 
(catarrhal jaundice) give positive reactions during the active stage 
of the disease. 

It has already been indicated 10 that the test may be either positive 
or negative in cases with cirrhosis of the liver. It is inferred from 
studies on hepatitis that there may be concomitantly active injury 
to the liver cells in this disease. Cirrhosis, however, may be entirely 
quiescent; the scarring indicating a healing of some injury in the 
past. In such cases a positive flocculation would not be expected. 
With these assumptions in mind, the sera of a group of patients 
with cirrhosis of the liver were tested at various stages of their 
clinical disease. 

For the past 4 years cirrhosis of the liver has been investigated 
by one of us (A. J. P.) at the Research Service of the First Medical 
Division at the Welfare Hospital, New York City. The beneficial 

* A recent publication by Poble and Stewart 3 reports positive flocculation in many 
cases of chronic passive congestion of the liver and obstructive jaundice. The 
cephalin employed by these investigators was used directly after preparation and is 
obviously more sensitive than that used in the present studies. Our cephalin is aged 
in the air and sunlight for about 6 weeks until it becomes dark brown and gummy 
in consistency. 
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effects of a highly nutritious diet supplemented by vitamin B con- 
centrates has already been reported 2 and more detailed analysis of 
these cases is now in preparation. In brief, the clinical progress in 
this cirrhosis group can be classified as follows: 

1. Favorable. A significant number of patients show clinical 
improvement. This is characterized by gain in weight and strength, 
permitting the patient to resume his usual activity; by disappear- 
ance of ascites, edema, and jaundice without recurrence; by changes 
of serum proteins, bromsulfalein dye test, and Takata-Ara test 
towards normal values. 

2. Equivocal. This group is composed of patients who show only 
partial clinical improvement for months or years. They do not 
recover robust health. Certain of these die apparently from “simple 
failure” of the liver. In other instances a fatal relapse is precipi- 
tated by intercurrent disease. 

3. Unfavorable. Certain patients continue a progressive down- 
hill course despite all forms of therapy. 

We are reporting briefly a correlation of the cephalin flocculation 
reaction with the clinical course in a group of 40 selected cases of 
cirrhosis of the liver chiefly of the alcoholic type, some of whom 
have been followed 3 years or longer. Detailed descriptions of the 
clinical features are not included as they are to be presented by one 
of the authors elsewhere. Chemical data also are not reported here 
although the course of the disease was followed repeatedly with 
serum protein studies, bromsulfalein determinations, icteric index 
values and Takata-Ara reactions. 

It has been impracticable to conduct the cephalin flocculation 
studies in a systematic manner in all instances. In certain cases 
the initial test was not performed until after a favorable trend had 
been established. In others only a single determination was made 
because of the rapid demise of the patient. In the majority, how- 
ever, a test was made approximately every 3 months. Readings 
were strikingly consistent from time to time and any changes mark- 
ing a trend in the reaction were usually gradual unless an acute 
episode intervened. 

The 40 cases of hepatic cirrhosis are presented in Table 1, accord- 
ing to the type of the cephalin flocculation reaction: those with 
persistently strong reactions (+ + + + and + + +); those with 
diminishing reactions over a course of months or years; those 
with persistently negative or weak reactions (neg. and +). 

Table 1. — Correlation Between the Ceitialin Flocculation Reaction and 
the Clinical Course of 40 Patients With Cirrhosis of the Liver. 

Stationary or 

No. of unfavorable Favorable 

cases. Died. course. course. 

.17 12 4 1 

.12 3 0 9 

.11 3 0 8 


Intensity of flocculation reaction. 
Persistently strong . . . . 

Progressively diminishing . 
Persistently weak or negative . 
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Twelve of the 17 cases with persistently strong reactions pre- 
sented in Table 1 have died. Seven of these had a rapid downhill 
course. In 5 cases an initial improvement was poorly maintained, 
and it was followed by relapse with the return of ascites, jaundice, 
and ultimate death. Of the 5 living patients, 4 are doing poorly, 
whereas 1 appears to be in good health. The latter case is some- 
what atypical, since the patient is a non-alcoholic, and since his 
cirrhosis is complicated by myxedema. 

The outcome has been considerably more favorable among the ' 
1 2 patients who have gradually developed weaker flocculation reac- 
tions. Many of this group, when first observed, were indistinguish- 
able clinically from the more severe cases. However, their course 
after entry to the hospital was more favorable. Relapses seldom 
were observed. Although there were 3 deaths in this group, only 
one instance was directly attributable to cirrhosis of the liver. This 
patient, who had shown marked improvement, died from a massive 
hematemesis following an alcoholic spree of several weeks. In some 
instances the flocculation test changed along with the general clin- 
ical improvement, while in others there was a lag of 6 or more 
months before serologic differences were detected. 

There are also listed 11 cases which had weak or negative floccu- 
lation tests persistently. Eight of these have had a favorable clin- 
ical course. In this group 3 showed marked improvement before 
the initial tests were done. It is possible that they would have 
shown positive tests at the onset, and might therefore have been 
classified with the preceding group. 

However, 3 patients in this group have died. At autopsy, one 
showed moderate portal cirrhosis together with extensive portal and 
mesenteric vein thrombosis. There is suggestive evidence that the 
other 2 deaths were not due to liver failure. Unfortunately autop- 
sies were not done. One of the patients in this group, apparently 
with typical cirrhosis, has shown an unusually sluggish recovery 
from liver failure. There remain, therefore, 4 instances in which 
a negative test possibly may have been misleading as an index of 
a quiescent disease process. 

Initial tests (Table 2) on the sera of our patients show that there 
is no correlation between the flocculation reaction and the presence 
or absence of ascites. However, in the presence of jaundice and 
ascites, or of jaundice alone, the test is rarely, if ever, negative. 


Table 2.— Correlation Between the Cephalin Flocculation Reaction and 
Symptomatology in 40 Patients With Cirrhosis op the Liver. 


Ascites and jaundice . 
Ascites alone . 
Jaundice alone 
No jaundice, no ascites 


No. of cases 


Total 
No. of 
cases. 

. 14 

13 
4 
9 

40 


Strongly 

positive, 

+ + + 4 ** 
+ ++• 
7 
G 
2 
2 

17 


Weakly 
Moderately positive or 


positive, 
+ + . +• 
7 
2 
2 
2 

13 


negative, 
+• 


10 
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These findings are supported by many isolated observations on 
other patients with cirrhosis of the liver of the Laennec type. Nega- 
tive reactions are occasionally encountered, however, in cases of 
biliary cirrhosis with jaundice where intrahepatie obstruction of the 
bile ducts is a feature. 

Discussion. There are numerous tests that reveal changes in one 
or another function of the liver, but there are few that aid in gaug- 
ing the severity of the disease process in terms of life expectancy. 
From the limited number of observations in this study, it appears 
that in patients with cirrhosis of the liver the prognosis is grave 
when the flocculation test is persistently positive. On the other 
hand, the change from a positive to a negative test in a patient 
may be regarded as a favorable prognostic sign. Although the data 
are too few to be conclusive they suggest that the flocculation test 
may be of value in prognosticating the course of this disease. It 
is hoped that further application of the test will define more clearly 
the limits of its usefulness. 

We have observed that the diagnosis of cirrhosis must be made 
with reservations when the flocculation test is constantly negative. 
For example, a number of cases of presumptive cirrhosis because 
of ascites, have eventually proved to be Pick’s disease, thrombosis 
of the portal vein or neoplasia of the peritoneum. In several 
instances, also with negative flocculation reactions, cases with esoph- 
ageal or gastric varices have been observed in which no lesions in 
the liver were present at operation or autopsy. Hepatomegaly 
with negative flocculation reactions is commonly observed in alco- 
holic subjects. These cases are often mistaken for cirrhosis, but 
occasional biopsies indicate that the underlying lesion consists of 
fatty infiltration of liver cells rather than parenchymal disintegra- 
tion with replacement by connective tissue. It is not yet determined 
whether cirrhosis is an end stage of these fatty changes or whether 
the fatty liver is especially subject to damage by unfavorable con- 
ditions that may coexist. Our observations with the cephalin' floc- 
culation test favor the latter view, for positive reactions seldom 
appear in cases of fatty Jiver unless inflammatory or acute degen- 
erative changes are also present. 

Conclusions. The cephalin flocculation test has been employed 
in 40 cases of cirrhosis of the liver that have been treated with a 
highly nutritious diet supplemented by vitamin B concentrate. A 
correlation has been made between the clinical course of these 
patients and the intensity of the reaction. 

1. The ultimate prognosis in patients with Laennec’s cirrhosis 
showing persistently strong positive reactions is not favorable, irre- 
spective of apparent clinical improvement. 

2. Progressive decrease in the intensity of the cephalin floccula- 
tion reaction often accompanies clinical improvement and a return 
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of blood proteins to normal values. Relapses in this group are 
relatively uncommon. 

3. A negative reaction does not exclude the diagnosis of cirrhosis. 
However, patients with persistently negative tests tend to have a 
relatively favorable course. 

4. The intensity of the flocculation reaction does not parallel the 
presence or absence of ascites in cases of cirrhosis of the liver. How- 
es er, no cases of alcoholic cirrhosis with jaundice have been encoun- 
tered giving a negative reaction. 
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CAUSES OF PAINLESS GASTRO-DUODENAL HEMORRHAGE. 
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(From the Second Medical Service, Mt. Sinai Hospital.) 

Hematemesis, melena or both, unattended by pain is a common 
enough observation. Recurrences are the rule, the hemorrhages 
come without warning and in the intervals symptoms referable to 
the gastro-intestinal tract are absent or trivial. The diagnosis of 
duodenal ulcer is conventionally made. As soon as the patient's 
condition warrants, a gastro-intestinal Roentgen ray examination 
is done and the usual findings are negative, or at best reveal a slight 
deformity of the duodenal cap. If such a deformity is reported, the 
diagnosis of duodenal ulcer is considered clinched. If the Roentgen 
ray is reported negative, the ulcer is regarded either as healed, or 
not sufficiently physically pronounced, or so situated that it escapes 
recording on the Roentgen ray film. Such a case constitutes one 
of the commonest of hospital records under the classification of 
“bleeding duodenal ulcer.” 

It is obvious that such a case may not be considered closed because 
there are many causes for painless gastro-duodenal hemorrhages 
aside from peptic ulcer. For this reason, we have reviewed all cases 
of painless gastro-duodenal hemorrhages that have come to autopsy 
in this hospital during the past 15 years, and those in which a suffi- 
cient resection was done to permit an anatomic diagnosis. We have 
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omitted cases where simple exploration was performed because 
exploration, no matter how painstaking, is a notoriously uncertain 
guide in respect to the discovery of a bleeding lesion. Cases with a 
loss only of occult blood have been excluded; only those that pre- 
sented a considerable hematemesis or melena, associated with an 
appreciable anemia and clinical symptoms of hemorrhage (dizziness, 
fainting, fall in blood pressure), have been accepted. Moreover, 
lesions of the jejunum, ileum and colon have not been considered. 

There were left a total of 14 cases. A brief report of each follows. 

Case Abstracts. Case 1 (Path. 6253). Female, aged 68. Fever, chills 
and prostration 2 weeks. On one occasion had blood in stool. Clinical 
diagnosis: sepsis, perinephric abscess and pyelonephritis; right ureter 
obstructed. Operation: pyelotomy. On 7th day patient vomited. Gastric 
lavage showed old blood. 

Autopsy. Purulent pyelonephritis. Thrombophlebitis of renal vein 
extending into inferior vena cava. Multiple emboli of branches of pul- 
monary artery with multiple hemorrhagic infarcts. Emphysema. Chronic 
mitral disease. Multiple erosions of the stomach with old blood in the 
lumen. 

Summary. A case of sepsis following renal infection. The painless 
hematemesis arose from multiple erosions of the stomach. 

Case 2 (Path. 7583). Male, aged 46. A case of familial hereditary 
telangiectasis. Umbilical pain after meals. Aspiration of stomach showed 
old blood. Four years later an enlarged spleen and gastric retention of 
blood. On last admission, history of dizziness, faintness and black stools 
dating 3 days 'previously. 

Autopsy. Chronic thrombotic obliteration of portal, splenic, mesenteric 
and left renal veins. Multiple peritoneal adhesions. Dilation of esophageal 
and gastric veins; healed ulcer of duodenum. 

Summary. A case of multiple hereditary telangiectasis; healed ulcer of 
duodenum; portal obstruction of unknown etiology. The painless melena 
is due to portal obstruction. 

Case 3 (Path. 5951). Female, aged 24. History of probable gastric 
neoplasm. A few days before death, severe hematemesis is followed by 
severe anemia. 

Autopsy. Generalized lymphosarcomatosis, hemorrhage arose from 
ulceration of a gastric tumor. 

Summary. Lymphosarcoma; hematemesis from a gastric tumor. 

Case 4 (Path. 6516). Case of aplastic anemia with purpura; hemorrhages 
from nose and throat; hematemesis. 

Autopsy. Aplastic anemia; hemorrhages in kidney, stomach, lung and 
endocardium. 

Summary. Aplastic anemia. 

Case 5 (Path. 6720). Male, aged 48. Seven j^ears belching and regurgi- 
tation of food; no pain. Two j'ears occasional attacks of dizziness; 6 weeks 
attacks of dizziness, .increasing pallor, weakness. Hemoglobin 32 % ; stools 
guaiac positive, 4+. Transfusion of 500 cc. of blood. Roentgen ray 
revealed an irregular bulb and a small pocket on the greater curvature of 
the duodenal bulb near the base. Partial gastrectomy. Resected specimen 
showed an ulcer on the superior wall of the first portion of the duodenum ; 
gastritis with 6 erosions varying from 4 to 10 mm. in size not involving the 
submucosa. 

Sinmnary. Bleeding arose from ulcer of duodenum, gastritis and erosions. 
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t? ? ASE ,^.-(^ at ^‘ ,^ a ^ e ; a Sed 37. Swollen abdomen 2-1- months 

-Enlarged liver, jaundice, cholemia. On day of death, hematemesis. 

Autopsy Endophlebitis obliterans of hepatic veins, gastric erosions. 

Case 7 (Path 7132). Female, aged 64. History of spells of vomiting 
lor years. _ Following operation for cataract, developed uncontrollable 
vomrang with dehydration, azotemia and acidosis. Vomited large amount 
of bright red blood. 

Autopsy. Pyonephrosis; healed duodenal ulcer; neoplasm of sigmoid. 

Summary. Cause of bleeding? 

Case 8 (Path. 8258). Male, aged 50. Twelve years ago and again 3 
years later hematemesis and melena with fainting. Well up to 3 days ago 
when there was sudden onset of melena and fainting. Hemoglobin 34%, 
despite several transfusions. On day of death, fainting, shock. 

Autopsy. Multiple fresh erosions and hyperplastic gastritis. Healed 
peptic ulcer. 

Summary. Healed peptic ulcer; gastro-intestinal hemorrhage from fresh 
gastric erosions and gastritis. 

Case 9 (Path. 8993). Male, aged 60. Anorexia, dizziness 3 days; 
hematemesis of a pint of blood and clots, later another large hematemesis. 
Blood pressure 80—50. Liver and spleen not palpable; died in coma. 

Autopsy. Laennec’s cirrhosis. 

Summary. Hematemesis due to Laennec’s cirrhosis of the liver with 
rupture of an esophogeal varix. 

Case 10 (Path. 9761). Male, aged 59. Two years ago, marsupialization 
of pseudocyst of pancreas. Vomited black liquid 10 days ago. Blood 
pressure 80—60; severe anemia; 3 transfusions. Signs of myocardial failure 
and marked cyanosis; thrombosed veins of legs. Electrocardiogram showed 
poor myocardial function. 

Autopsy. Chronic peptic ulcer of first portion of duodenum; severe 
coronary sclerosis; myomalacia of left ventricle; chronic esophagitis and 
gastritis at cardio-esophogeal junction. 

Summary. Painless gastro-intestinal hemorrhage from chronic peptic 
ulcer of duodenum; coronary sclerosis, and myomalacia of left ventricle. 

Case 11 (Path. 5477). In 1927, attack of abdominal cramps followed 
by melena. Remained well on dairy diet for 11 years. Five hours before 
admission to the hospital had nausea, weakness, faintness and hematemesis 
of 2 full cups of blood. Hemoglobin slowly came down to 66%. Roentgen 
ray showed irregular contraction at midportion of duodenum. One week 
later partial gastrectomy. Duodenum shows very small areas of denuded 
mucous membrane with moderate infiltration of neutrophils and eosinophils 
and histiocytes with beginning fibrosis; moderate infiltration with mononu- 
clear cells around Brunner glands. 

Diagnosis. Duodenitis; probable healed ulcer. Five years later the 
patient feels perfect^ well. . . 

Summary. Painless gastro-intestinal hemorrhage from small duodenal 
ulcer. . , 

Case 12 (Path. 6684S). Male, aged 21. Family history reveals one 
brother had a perforated duodenal ulcer; the other brother had “duodenal 
ulcer with bleeding.” One week ago had melena followed by pallor and 
asthenia. Roentgen ray shows only an irritable bulb. Four years later 
reports to hospital that he has had 6 attacks of melena. Hemoglobin 68%. 
At this time Roentgen ray shows irregular deformity of duodenal bum. 
Operation, 1 month later, partial gastrectomy; no ulcer found. 

Pathologic Diagnosis. Chronic gastro-duodemtis. , t , 

Summary. Repeated melena without pam; no ulcer, only gastro-duo- 

de CASE 13 (Path. 32749). Male, aged 37. In 1926, hematemesis o days 
before admission. Hemoglobin 25%, with 2 transfusions rose to 46 /C - 
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Roentgen ray negative. Partial gastrectomy; 2 small superficial erosions 
in resected portions of stomach. Ten years later, patient perfectly well. 

Summary. Melena from gastric erosions. 

Case 14 (Path. 263625). Male, aged 55. In 1926, patient admitted 
with a history of intermittent attacks of vomiting of coffee-ground material 
associated with tarry stools, followed by weakness; no pain. Roentgen ray 
performed at another hospital 1 year previously revealed "ulcer.” Roent- 
gen ray soon after admission showed irregular duodenal bulb. Partial 
gastrectomy showed chronic duodenal ulcer. Fourteen years later, patient 
is well. 

Summary. Painless duodenal ulcer with melena and hematemesis. 

Classifying these 14 cases of painless gastro-intestinal hemorrhage, 
we find the following as causes of the hemorrhages: 

Table 1. — Causes of tiie Gastbo-duodenal Hemorrhage. 

1. Chronic peptic ulcer — 3 cases. 

2. Gastro-duodenal erosions— 2 cases. 

3. Erosions with healed peptic ulcer — 2 cases. 

4. Gastro-duodenitis — 1 case. 

5. Healed duodenal ulcer, no cause for bleeding found — 1 case. 

6. Thrombosis of portal vein — 1 case. 

7. Cirrhosis of liver — 1 case. 

S. Lymphosarcomatosis of stomach — 1 case. 

9. Aplastic anemia with purpura — 1 case. 

10. Endophlebitis of hepatic veins and erosions — 1 case. 


These proportions are by no means accurate as far as the incidence 
of painless gastro-duodenal hemorrhage is concerned, as these cases 
represent only patients who have been admitted to the surgical 
wards. 

There were 5 cases of gastro-duodenal erosions, 2 in association 
with healed peptic ulcer and 2 without, and 1 associated with endo- 
phlebitis of the hepatic veins. If we include the case of gastro- 
duodenitis without erosion, we find that gastro-duodenitis with or 
without erosions is by far the most common cause of painless gastro- 
duodenal bleeding in our series. By an erosion, we refer to a loss of 
mucous membrane with necrosis and infiltration of the mucosa with 
neurophils and histiocytes. Healing, as a rule, leaves no scar. The 
erosion does not penetrate through the submucosa. An erosion 
corresponds to what is sometimes termed “acute peptic ulcer” or 
“Dieulafoy’s ulcer.” It is practically always associated with a 
gastritis or a duodenitis, or both. 

The genetic relation of peptic erosions to true peptic ulcers is 
at present a much debated matter, aroused by Konjetsny’s 9 views, 
who holds that the genesis of ulcer is a gastritis or a duodenitis with 
the secondary formation of erosions. 

The frequent anatomic association of erosions and peptic ulcer 
certainly suggests such a sequence. On the other hand, such a rela- 
tion cannot be accepted unreservedly, and for the following reasons: 

1. We have taken particular pains to note that in most patients 
who have the clinical earmarks of an erosion with painless melena 
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°r hematemesis, the characteristic psyche which precedes the onset 
O'. tlle ' llcer for “any years is entirely missing. One of us (Moschco- 
witz”. has described this type previously. Briefly, patients with 
peptic ulcer are intolerant, aggressive, “all or nothing” folk who 
have strong leanings to masochism and sadism. On the contrary, 
patients with clinical evidences of erosion are often calm, placid and 
phlegmatic. Nor have they the physical constitution of patients 
with peptic ulcer, as described by Draper. 4 They have not the 

lean and hungry” look of Cassius, the wide angled jaws, the 
prominent masseters and facial lines, the hard and tense expression, 
or the tendency to erythremia. The importance of constitution in 
the genesis of peptic ulcer is steadily gaining in recognition so that 
at present peptic ulcer is viewed by many students of the problem 
as a true psychosomatic disease. Indeed, we regard the determina- 
tion or absence of this constitution as a vital link in the diagnosis of 
suspected ulcer. 

2. Erosions are frequently found at autopsy as surprise findings, 
unassociated with ulcer and without having given rise to the slightest 
clinical phenomena. Such erosions are especially observed in pro- 
longed sepsis. The possibility that, given time, such erosions may 
eventually develop into ulcer cannot be excluded. 

3. Experimentally, erosions can be produced, though with diffi- 
culty, by ligation or by embolization of the gastric vessels. Further- 
more, erosions are seen not uncommonly in the human stomach, 
accompanied by local arteriosclerosis. These erosions invariably 
heal within a short time without ever giving rise to the character- 
istic callous ulcer. Indeed, if it is eventually proven that an erosion 
becomes an ulcer, then the major problem is to discover the cause 
for the chronicity. Various investigators have succeeded in pro- 
ducing a chronic ulcer but by means that do not obtain in the human 
organism; for instance, by injecting chemicals in the neighborhood 
of the experimental ulcer, by repeated Roentgen ray applications, 
and so on. 

Recently, Tenner and Bernheim I3a ' 6,<r have made significant obser- 
vations that throw light upon the genesis of certain types of gastro- 
intestinal erosions. The not uncommon autopsy findings of post- 
operative ulcerative and membranous enterocolitis led Fenner and 
Bernheim to investigate the cause of these lesions. In reviewing 
the histories of 20 such cases in this hospital, they found that invari- 
ably death was preceded by the clinical picture of shock. . In a later 
publication 136 they report 4 cases of acute ulcerative lesions of the 
esophagus and stomach which appeared post-operatively or subse- 
quent to diabetic acidosis. In both the intestinal and gastric lesions, 
the changes are the same. "The earliest changes are observed in 
the mucosa where vascular congestion and subsequent focal hemor- 
rhage, initially more prominent toward the base of the glands near 
the muscularis mucosa, are seen. Widening of the interglanduiar 
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stroma is observed, and the presence of mucosal edema. Focal 
mucosa necroses appear, unaccompanied by any significant cellular 
reaction. More extensive necroses may penetrate the deeper layers 
of the wall and be accompanied by an inflammatory cellular reac- 
tion. With the early or superficial lesions, the submucosa, mus- 
cularis and serosal layer may be without recognizable changes.” 
They ascribe these lesions to the vaso-constriction conventionally 
recognized as the result of shock. Penner and Bernheim 13a ’ 6 - C sub- 
mit experimental substantiation of this hypothesis by the reproduc- 
tion of identical lesions in the gastro-intestinal tract in various ani- 
mals by repeated intraperitoneal injections of adrenalin which caused 
prolonged shock. 

Penner and Bernheim believe that their observations explain 
the cases reported by Eiselsberg 5 of post-operative gastro-duodenal 
bleeding, which he believed was due to retrograde embolism; the 
majority of the cases reported by Cushing 2 of gastric erosions, 
which he ascribed as neurogenic in origin due to lesions of the inter- 
brain or its various pathways; and the acute erosions of the stomach 
and duodenum occasionally noted in severe burns and prolonged 
exposure to cold. 

It would be hazardous to apply Penner and Bernheim’s observa- 
tions to the genesis of all gastro-duodenal erosions. Clinically, 
certainly, shock follows and does not precede the onset of uncompli- 
cated erosions in our reported series. The solution of the problem 
hangs upon whether prolonged vaso-constriction in the intestinal 
tract may be the result of another mechanism beside shock. In any 
event, Penner and Bernheim’s investigation may help to explain 
the association of erosions with bleeding peptic ulcers in our series. 

Even if eventually accepted, Konjetsny’s views concerning the 
pathogenesis of peptic ulcer explain only part of the mechanism but 
they by no means explain the primary etiology of peptic ulcer, for 
the reason that the cause of the gastritis or duodenitis still awaits 
a satisfactory solution. Konjetsny’s belief that the gastro-duo- 
denitis is the result of a toxic or infectious process has not received 
general acceptance; certainly it is not in accord with the known 
constitutional and neurogenic background of peptic ulcer, nor to its 
distinctive localization, the incidence of the disease in regard to 
sex and age, and the tendency to recurrence. 

Of course it is conceivable that a true peptic ulcer with all its 
potentialities as a focus of infection may, in some instances, give 
rise to a gastro-duodenitis and thus pave the way for an erosion. 
Witness, for instance, the not uncommon association of ulcerating 
gastric carcinoma and erosion. In other words, an erosion of the 
stomach may be the result as well as the precursor of a peptic ulcer. 

All in all, in the light of our current knowledge, it is impossible to 
insist upon a unitary etiology and biology of gastro-duodenal 
erosion and its genetic relation to callous peptic ulcer. A splendid 
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opportunity for such an investigation is offered by repeated gas- 
troscopy m a suitable patient. As far as we are aware, the complete 
life c\ cle of a peptic ulcer has not yet been demonstrated bv a 
gastroscopy. 

Clinically, we can assert that erosions may have a different clini- 
cal picture and course from that of the callous peptic ulcer. 

.Tu o of the painless gastro-duodenal hemorrhages in our series 
were caused by chronic peptic ulcer. Eusterman 6 reports that 
hemorrhage was the sole symptom of benign or inflammatory lesions 
of the duodenum in 1.5% of 1089 cases. The reason why some 
peptic ulcers are painless is not clear. Crohn 1 believes that the 
absence of pain is due to lack of sensitivity. In his patients with 
peptic ulcer, complicated by hemorrhage, employing the Libman 
test, he found that in 40. S% the patient was insensitive as compared 
to 12% in normal individuals. As this test is entirely a subjective 
one, one need be circumspect in its interpretation. In any event, 
it does not account for the absence of pain in the remaining 60% 
of sensitive individuals. Surely, pain in peptic ulcer is conditioned 
by factors other than the sensitivity of the individual. While there 
is still no agreement as to the cause of pain in peptic ulcer, Palmer 
and Heinz 12 submit convincing evidence that the pain is conditioned 
primarily by the acid content of the stomach, and that it is not 
direct!}' due to pylorospasm, gastric mobility, or increased intra- 
gastric pressure, although these factors may be contributory. The 
size of the lesion has no bearing. Continuous neutralization of the 
acid slow!}' desensitizes the ulcer. 

In how far these factors mar apply to the explanation of the fre- 
quent absence of pain in pure erosions of the stomach unassociated 
with peptic ulcer cannot as yet be definitely ascertained. The 
superficiality of the lesions in erosions may serve in part as the 
explanation of the absence of pain, but more detailed studies of the 
above factors are necessary. 

The one case in our series, where no cause for the bleeding could 
be found although a completely healed duodenal ulcer was present is 
similar to that reported by Reichard. 14 A non-demonstrable cause 
for bleeding has been reported not infrequently. Such cases were 
termed by Hale-White 8 “parenchymatous bleeding.” Czylilarz, 3 
Kuttner, 1 ® Reichard, 14 Ewald. 7 These have also been reported in 
cliolemia (deficient prothrombin and vitamin Iv) and in vicarious 
menstruation. Dr. 1VI. A. Kugel has told us of another case of 
severe painless hematemesis and melena in which a subtotal gas- 
trectomy was performed; no cause for the hemorrhage was found in 
the resected specimen. Unfortunately, the record of this case is 

1<>S The other causes of painless gastro-duodenal hemorrhage in our 
series require no comment. 
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Conclusion. Painless gastro-duodenal bleeding is usually the 
result of erosions and duodenitis; less frequent are true callous 
peptic ulcers. In one of our 14 cases no cause could be found. In 
painless gastro-duodenal hemorrhage where Roentgen ray evidences 
of peptic ulcer are absent or inconclusive, further study of the patient 
is obligatory to determine the cause of the bleeding. The genetic 
relation of gastro-duodenal erosions to peptic ulcer is discussed. 
In the light of our current knowledge it is impossible to insist upon 
a unitary origin of gastric erosion or upon its invariable genetic 
relation to callous peptic ulcer. 
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AN APPRAISAL OF THE MEDICAL VERSUS THE SURGICAL 
TREATMENT OF IDIOPATHIC ULCERATIVE COLITIS. 

Follow-up Data on Fifty Cases.* 
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(From the Gastro-Intestinal Section (Kinsey-Thomas Foundation) of the Medical 
Clinic, and the Department of Surgery, Hospital of the University of Pennsylvania.) 

Ulcerative colitis presents a number of fundamental problems 
that are as yet unsolved. The wide variety of therapeutic measures 
now employed in this disease and the frequency of unsatisfactory 
results attest to the present deficiencies in our knowledge. Opinion 
is divided first on the question of the specific bacterial nature of the 
disease. Those who deny a known bacterial etiology also doubt the 
efficacy of so-called specific vaccines and sera, and rely solely on a 
number of non-specific therapeutic measures. The second division 
of opinion concerns the place of surgery in treatment of the disease. 

* Aided by a grant from the Smith, Kline & French Laboratories, Inc. 
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I lie position taken in this matter depends in large measure upon 
one s opinion of the efficacy of non-surgical measures. For example 
in the Mayo Clinic since the advent of “specific” therapy the num- 
ber of cases treated surgically has progressively declined from 20% 
in the period from 1919-1923 to 1.4% in the period from 1932-1 936. 
On the other hand, those who have had less favorable experience 
m ith medical treatment employ ileostomy and analogous procedures 
m as high as 65% of patients with the disease. 7 Such divergence 
of opinion emphasizes the need of obtaining all possible data that 
bear on this controversial question. The present study, therefore, 
was made to determine whether medical treatment alone was 
superior to combined medical and surgical therapy in a group of 
patients with ulcerative colitis observed during the past 12 years 
in this hospital. The follow-up analysis indicates clearly that those 
patients in whom one of various side-tracking operations was carried 
out are in better physical condition and lead more nearly normal 
lives than those treated medically. 

Method of Study. Two groups of patients have been selected from 
ward* and private practice. One group, 23 in number, consists of those 
treated by medical measures only; the other group of 27 were first treated 
by the usual medical measures and subsequently by one of various surgical 
procedures. Only the more severely ill patients, with protracted diarrhea, 
melena, fever and anemia are included in the medical group, while those 
with milder forms of the disease which are known to improve spontaneously, 
are excluded from the study. This was done in an effort to make the two 
groups as comparable as possible. Even so, those treated surgically taken 
as a whole, were more seriously ill, for surgery usually was employed only 
as a last resort. In other respects, however, such as age, sex, duration of 
illness and geographical location, the two groups are comparable. Seventy- 
five per cent of the patients were personally known to one or both of us. 
The diagnosis in every case was made after thorough clinical study which 
included repeated proctoscopic examination, at which time cultures were 
obtained from typical ulcers, microscopic and bacteriologic study of the 
stools and Roentgen examination after a barium enema. Evaluation of 
the results of therapy was determined after personal interviews and exami- 
nations, or, when this was impossible, by means of questionnaires sent to 
the patients and by communication with physicians now in charge of them. 
In two instances interviews were made by a hospital social sendee worker. 
In every ease certain specific questions were answered, so that the data arc 
uniform in content. Without exception the information obtained was 
considered by us to be adequate to permit an accurate evaluation of the 
patient’s status. 

Results. The Medical Group. This group consisted of 23 indi- 
viduals, of whom 14 survived, S died of the disease and 1 of unrelated 
causes, giving a mortality of 34%. The 14 survivors included 5 men 
and 9 women. In these observations, made from 1 to 12 years after 
the final discharge from this hospital, an effort was made to obtain 
both subjective and objective evidence of their subsequent physical 
status. A clear picture of the usual course of the disease and the 

* We are indebted to Drs. E. L. Eliason and I. S. Hardin for the privilege of 
studying patients treated on their surgical servjces. 
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ultimate prognosis for the average patient treated solely by medical 
measures is the first requisite in deciding for or against surgical 
treatment. 

Twelve patients, 85% of those who survived, had had diarrhea 
either continually (5 cases) or intermittently (7 cases) since the 
illness had begun, on the average, 6 years earlier. Blood repeatedly 
appeared in the stools of two-thirds of the group, pus in one-quarter 
and mucus in three-quarters. They had on the average 6 bowel 
movements daily (1 to 14). Only 2 patients were free of symptoms 
of colitis, one of whom was a total invalid because of a complicating 
generalized arthritis. Although the group averaged 28 pounds 
above the minimum weight during their illness they were approxi- 
mately 10% below their usual weight. One-half of them had had to 
return to hospitals because of recurrences of the disease. Three 
were complete invalids who should have been in hospitals. All were 
under constant medical supervision. 

It seemed to us important to learn the opinion that each patient 
had concerning his own health. To the question “ Do you consider 
yourself cured of the disease?” they unanimously gave a negative 
reply. Not one considered himself in excellent health, only 1 re- 
garded her health as good, 9 as fair, 1 as poor, and 3 were invalids. 
With respect to productiveness, 5 were totally unable to do any 
kind of work, 5 were capable of light work, and 4 could do medium- 
heavy work during remissions of the disease. All were therefore 
either partially or wholly dependent financially. 

Of the 8 fatal cases, 4 died after discharge from the hospital. 
While exact details of the immediate causes of death are not avail- 
able, it is known that all had continuation of symptoms and ulti- 
mately died as a result of ulcerative colitis. The remaining 4 pa- 
tients died in the hospital, 1 had extensive amyloid disease and died 
of renal failure, 2 developed perforation of the colon with peritonitis, 
and 1 with liypoproteinemic edema and anemia died suddenly at 
night without known cause. 

Surgical Group. This consisted of 27 individuals, 14 males and 
13 females. Seven of the group died, giving a mortality of 26%. 
The causes of death, which are discussed later, were as follows: 
2 cases developed high intestinal obstruction and 1 adynamic ileus 
early in the post-operative period, 1 man committed suicide 3 
weeks after operation, another made a highly satisfactory response 
to ileostomy but developed multiple liver abscess 2 years later. One 
man died in a state of severe malnutrition, hvpoehloremia and dehy- 
dration soon after ileostomy. In the final case, death occurred in 
another hospital following repair of a prolapsed ileum. 

Ileostomy alone was performed in 12 instances, ileostomy with 
partial colectomy in 9, colostomy in 4, appendicostomy in 1, ileo- 
colostomy in 1. The technical surgical aspects of 17 out of 20 
cases are regarded as satisfactory. Three were, in our opinion, 
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inadequately treated by appendicostomy, eeeostomy and sig- 
moidostomy which failed to divert the fecal current. The results 
m these instances, while not satisfactory, are nevertheless included 
m the consideration of the group as a whole. 

Without exception the 20 patients who survived operation are 
greatly improved in health. The average gain in weight following 
operation was 38.5 pounds, the greatest gain was 100 pounds, the 
least 15 pounds. In no case did fever continue except in the 3 inade- 
quately treated, in whom the disease recurred, with intermittent 
fever and melena. The red blood cell counts uniformly returned 
toward or actually to normal. Seventy per cent of the entire group 
led what they themselves described as a normal life, indicating that 
the limitations imposed by the operative fecal fistula did not consti- 
tute a significant handicap. Violent physical exertion was not possi- 
ble, but mild athletic exercise was entirely feasible. One man was 
able to resume his occupation as a construction engineer, operating 
a hoisting crane. 

Thirty per cent of the group were not able to return to an entirely 
normal life. Three laborers were unable to resume their previous 
occupations which involved heavy lifting and other strenuous exer- 
cise. Their disability was attributable to the nature of their occu- 
pations rather than to their physical condition, which was good 
enough to permit light work. Two others of the group, who were 
inadequately treated in one instance by appendicostomy and in the 
other by sigmoidostomy for a ruptured colon with a pelvic abscess, 
did not make complete recoveries. This must be ascribed to the 
inadequacy of the operations rather than to failure of surgical treat- 
ment. One woman, with coincident pulmonary tuberculosis, led 
a restricted life on that account although she had made great im- 
provement following ileostomy. We believe it fair, in summarizing 
this group of 6 patients, to say that every one was definitely im- 
proved following operation and that failure to return to an entirely 
normal life was due either to inadequate surgical treatment or to 
circumstances unrelated to treatment. 

We desired to obtain the patients’ own opinion of the results of 
operation, for in advising surgical treatment the physician must 
consider the possibility of serious psychologic damage by an opera- 
tion which may profoundly alter one’s outlook on life. We were 
therefore especially interested in the answers to three questions. 

" Do you consider your present health better or worse than it was 
before operation?” The reply was unanimous, every patient con- 
sidered his health improved. “Do you consider yourself better off 
with an artificial opening than you were without it?” All but one 
replied in the affirmative, that is, an artificial opening was not con- 
sidered too high a price to pay for the improvement in health which 
resulted. “If vou had to make the decision again would you be 
in favor of or against operation?” Eighteen out of 20 answered m 
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the affirmative, the remaining 2 expressed certain qualifications. 
The most decided were those of a 20-year-old single girl who, though 
she felt that operation had saved her life, regarded as intolerable 
the inconveniences, embarrassment and restrictions which it imposed 
upon her, and was flatly of the opinion that life would be unbearable 
with a permanent ileostomy. Hers was the only case in which the 
ileostomy fortunately proved to be temporary. She is now in normal 
health. Her objections are not, therefore, to the final result, but to 
the means of bringing it about. One other patient who had not im- 
proved following appendicostomy was- doubtful of its efficacy. 
This is entirely understandable, since this inadequate procedure had 
resulted in most of the disadvantages and none of the benefits of 
surgical treatment. 

Of the 7 individuals who died only 3 had had time to gain a definite 
opinion of the results of operation. One was entirely satisfied, he 
had resumed his work and for 2 years, before the development of 
avoidable complications, had been completely rehabilitated. An- 
other committed suicide 3 weeks after ileostomy. While he was 
definitely psychotic it must be presumed that dissatisfaction with 
his operation precipitated his suicide. A third man, also a psy- 
chiatric problem, definitely improved in health for 5 years after 
ileostomy, but regarded it' as a failure. He ultimately died after 
surgical repair of a hernia of the ileum because of his refusal to eat. 
Thus, of the 23 patients who expressed opinions, 19 were entirely 
satisfied, 2 were partially and 2 wholly dissatisfied with the results 
of surgical treatment. 

The discussion of certain details of surgical treatment should be 
prefaced by the statement that we share the opinion of Cave and 
Mackie, 6 Cattell 3 and others that the operation of choice is one which 
produces complete diversion of the fecal current at a point just 
proximal to the diseased portion of the bowel. In the great majority 
of instances this has required an ileostomy. At a subsequent time, 
depending upon the patient’s response to the preliminary pro- 
cedure, removal of the diseased colon, preferably in 3 stages, should 
be carried out. This general plan has been deviated from in certain 
instances. For example, 6 patients who had an ileostomy and noth- 
ing more have made dramatic recoveries and have maintained good 
health for an average of practically 3 years. Under these circum- 
stances we think it justifiable to withhold colectomy until clear-cut 
indications for it appear, with the understanding that if good health 
does not continue operation is advisable. 

In 9 cases partial or complete colectomy followed ileostomy for 
the various reasons: 4 did not make what we regarded as satisfactory 
recovery after the preliminary operation, another had serious and 
repeated hemorrhages from the colon, necessitating its removal, 
2 developed generalized arthritis which disappeared promptly after 
colectomy, 1 had a carcinoma of the colon which was removed during 
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the original operation. In general, we believe colectomy clearly 
indicated unless ileostomy results in complete return to normal 
Health, with disappearance of bloody or purulent rectal discharges 
ana all systemic signs of infection such as fever and leukocytosis. 

It is wholly unjustifiable, in the light of both our experience and 
that of others to regard any side-tracking operation in this disease 
as a temporary measure carrying with it a reasonable expectation 
that the normal fecal current may ultimately be reestablished. As 
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Fig. 1. — A, Patient E. L. 3 weeks after ileostomy and partial colectomy. B, The 
same patient 1 year later. 

mentioned earlier, in only one instance in our series was it possible 
surgically to close the ileostomy. The success in this case depended 
upon the fact that the atypical, segmental disease process, re- 
stricted chiefly to the transverse colon, cleared up in a year after 
ileostomy, leaving the rest of the colon essentially undamaged. 
After partial closure of the stoma the colon returned to its normal 
configuration and caliber, judged by Roentgen examination, and 2 
months later, in the absence of any signs of recurring disease of the 
colon, complete closure of the ileostomy was possible. The patient 
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lias remained in entirely normal health for 10 months following this 
procedure. However, this fortunate outcome is so exceptional that 
it does not constitute grounds for offering what, in the great ma- 
jority of cases, will prove a false hope which only delays the success- 
ful readjustment of the patient to a sometimes difficult situation. 

Complications. It is not surprising that the post-operative 
complications were high in a group of patients in desperate^ bad 
condition before operation. The existence of multiple vitamin 
deficiencies accompanied by severe anorexia made proper caloric 
intake difficult. Anemia and hypoproteinemic edema frequently 
were complicating factors. Wound healing was often slow and 
unsatisfactory, and wound infections were common. Decubitus 
ulcers were difficult to avoid. A localized pelvic abscess required 
drainage in one instance. Femoral thrombophlebitis occurred 
several times. Partial intestinal obstruction complicated conva- 
lescence in 3 instances, being relieved in 2 cases by medical measures, 
including small intestinal intubation, and in the third by rupture of 
the bowel with spontaneous formation of a fecal fistula which sub- 
sequently closed. Adynamic ileus was a terminal development in 
2 of the fatal cases. We have observed, as have others, 6 ' G the 
excessive loss of fluid and chlorides through the ileostomy discharges 
in the first days following operation. Unless this danger is recog- 
nized, marked hypochloremia and dehydration may quickly de- 
velop, but they are easily avoided by saline infusions and blood 
transfusions in the early days of convalescence. Prolapse of the 
ileum was a frequent late complication of operation. It occurred 
in 5 out of 20 cases and required surgical repair in 3 instances. 

Analysis of Fatalities. Examination of the factors responsible 
for the fatal outcome in 4 of the 7 patients treated surgically reveals 
certain features which deserve consideration. 

Clinical Abstracts. Case 1.— I. P. made a highly satisfactory recovery 
following ileostomy, gaining 76 pounds. Gradual spontaneous closure of 
the ileostomy 2 years later necessitated re-operation, which was again 
followed by a gain of 40 pounds and marked clinical improvement. In the 
following year arthritis developed. A year later fever and jaundice occurred, 
an hepatic abscess was drained. Death occurred in 3 months and autopsy 
revealed multiple liver abscesses, peritonitis and bronchopenumonia. The 
spontaneous closure of the ileostomy could have been avoided by performing 
complete transection of the ileum with implantation of the proximal portion 
in the abdominal wall. We regard this as the operation of choice. The 
development of arthritis and liver abscess probably resulted from the serious 
infection of the colon. The fatal outcome could, in all likelihood, have 
been avoided by timely colectomy after the preliminary ileostomy. 

Case 2. — M.H. died with intestinal obstruction and toxic jaundice 5 
days after ileostomy and almost complete colectomy in one stage. The 
fatal outcome is attributed to the fact that the primal operation was too 
extensive. It emphasizes the belief that the ideal procedure is preliminary 
ileostomy, with delay of subsequent colectomy until the patient’s condition 
is sufficiently improved to withstand it. 

Case 3. — J.B. was suffering from a fulminating type of the disease. 
Operation was postponed until it was apparent that death would ensue 
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without it. The fatality occurred soon after the second stage of the ileos- 
tomy from paralytic ileus, dehydration and general sepsis. While the 
operative mortality is, at best, very high in this type of ulcerative colitis 
it is further increased by an unnecessary delay in surgical treatment, and 
can be reduced only by the closest possible cooperation between medical 
and surgical attendants. 

Case 4.— I.R. died 1 month after ileostomy in a severe state of mal- 
nutrition and hypochloremia. Death was attributed to inadequate post- 
operative care in a patient who was refractory and uncooperative. The 
outcome emphasizes the necessity of constant and patient attention to 
details of maintenance of proper nutrition, fluid balance and routine nursing 
care under even the most trying conditions. 
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Fig. 2. — Comparative data on the present status of the medically versus the surgi- 
cally treated patients. 


Discussion. These results (Fig. 2), in our opinion, clearly indicate 
the superiority of surgical treatment in cases of severe ulcerative 
colitis. We recognize, however, that others do not share our enthusi- 
asm: some, 1 because of greater success with medical therapy, and 
some, 9 because of a less favorable experience with surgical treatment. 
Such a difference of opinion naturally inclines us to subject our own 
data to doubly critical examination in an effort to discover either 
erroneous interpretations of the data or factors which might have 
favorably influenced the results of treatment in one group. We 
have found nothing to suggest that the surgical cases received 
preferential treatment in their routine care. Our cases were selected 
from 3 different services of the hospital, and were under the super- 
vision of a large number of physicians holding varied opinions con- 
cerning the ideal method of treatment so that no preference of our 
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own for or against surgical therapy could, we believe, have influenced 
the results. The study has extended over a period of 12 years, suffi- 
ciently long to give accurate indication of the results of both non- 
surgical and surgical methods. If errors in interpretation of the 
data exist we believe that they have resulted in understatement of 
the success of surgical treatment rather than the reverse. This is 
true for two reasons, first, because all patients operated on were 
included in the study whether, in our opinion, adequately or inade- 
quately treated, and also because of the fact that these cases by and 
large were far more seriously ill than even the most severe cases in 
the medical group. 

A comparison of the surgical results in the first versus the second 
6-year period of the study cannot easily be reduced to figures. How- 
ever, the inadequate operations which gave unsatisfactory results 
were all done during the earlier period. It is our definite impression 
that a steady improvement in surgical treatment has occurred, which 
encourages us to believe that with continued experience present 
difficulties will ultimately be overcome. 

The indications for operation may be regarded as either ob- 
ligatory or optional. In the former category we include perforation 
of the colon, those Avith a fulminating type of the disease, and those 
who develop complications such as generalized arthritis, repeated 
hemorrhages from the colon and severe perirectal infection. Little 
difference of opinion exists here. In the other group, however, in 
which operation is elective, wide divergence of opinion is expressed. 
We regard any patient with intractable symptoms, whether inter- 
mittent or continuous, who has failed to respond to a reasonable 
period of medical treatment, as a candidate for surgery. What 
constitutes a reasonable trial of non-surgical therapy is difficult to 
state categorically, but our experience suggests that at present 
surgery is more often unjustifiably delayed than prematurely done. 

The mortality rate in the two groups was essentially the same, 
32% for those treated medically, 26% for those treated surgically. 
Since the medical group was selected to include only the more 
severe cases comparison to the mortality rates in the literature is 
difficult. The figures included in Willard’s review 8 give mortality 
rates of from 3 to 35%. Similar figures for cases treated surgically 
vary from 21 to 73%. 

We are in agreement with Cave, 4 McKittrick and Miller 7 and 
others that the most satisfactory results in the treatment of this 
disease are obtained by a medico-surgical team who are particularly 
interested in the problems concerned. The reduction in mortality 
which such a group can bring about has been amply demonstrated. 
This closer coordination of effort is especially essential in determining 
the nature of and optimum time for the original operation, in assur- 
ing sustained attention to the problems of nutrition while the patient 
is under surgical treatment, and in deciding upon the necessity for 
and the extent of the operations which follow preliminary ileostomy. 
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Tins disease is one, par excellence, the treatment of which cannot be 
regarded-as primarily medical or surgical without serious detriment 
to the patient. 

Conclusions. Two comparable groups of patients with idiopathic 
ulcerative colitis have been studied; one received medical treatment 
only, in the other various side-tracking operations were performed. 
The mortality in the two groups was practically equal. Comparison 
of the subsequent developments leads us to the conclusion that 
those who were operated upon were more nearly restored to normal 
health than those who were not. The group treated medically has 
had continued or intermittent manifestations of the disease and is in 
poor or only fair health. Those operated upon made, in most 
instances, dramatic recoveries. The great majority returned to 
their previous occupations, and lead, by their own definition, a 
normal life. They have expressed satisfaction with their treatment 
even though it has entailed a permanent external intestinal fistula. 

The surgical procedure of choice is a preliminary ileostomy with 
subsequent colectomy in stages, if indications for it exist. We have 
discussed some of the causes of unsatisfactory results, the post- 
operative complications and have emphasized the necessity of close 
cooperation of internist and surgeon, if the best results are to be 
obtained. 
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In a recent communication 46 attention was directed to a variety 
of considerations bearing upon treatment of the arthritic and to 
the further fact that decreasing emphasis upon focal infection as 
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the chief cause of arthritis has opened the way to fuller appreciation 
of other influences operative both to produce the disease and to 
modify the course of it. The present article extends some aspects 
there touched upon and also continues earlier studies. 

One of the present writers 4 ® has previously stressed the importance 
of considering adequately all deviations of physiology presented by 
the arthritic. Among these deviations are those to be seen in the 
gastro-intestinal tract and some phases of this were discussed 
earlier, together with certain nutritional aspects, by Pemberton and 
Peirce. 5 

Opportunity now presents, however, for a fuller review of the 
field on the basis of complete roentgenographic studies of the 
gastro-intestinal tract in a series of 400 arthritics and 100 normals. 
So far as the authors are aware no survey of comparable magnitude 
has been previously conducted and it is reasonable to suppose that 
the results should indicate whether, and to what extent, the gastro- 
intestinal tract is implicated, from the Roentgen ray standpoint, 
in the syndrome of arthritis. 

The series of cases studied* represents all types and stages of 
arthritis and had its beginning about 1920. Analysis of the gastro- 
intestinal tract was undertaken at that time because of the convic- 
tion of one of the authors (R.P.) that focal infection alone did not 
account adequately for the syndrome and that many other factors 
played contributory roles. Among the last mentioned were certain 
clinical observations that nutritional factors, the balance of food- 
stuffs and the function of the gastro-intestinal tract as a whole 
sometimes exercise a determining influence. 

Correlation of the roentgenographic data with the clinical state 
of the subjects is confined essentially in the present report to the 
two great types into which the field is generally divided; namely, 
atrophic (rheumatoid) arthritis and hypertrophic (osteo-)arthritis. 
•Fuller correlation with respect to other more detailed clinical data 
will be made the subject of a later communication. 

The usual procedure and technique for gastro-intestinal study 
were carried out in each case, special attention being paid to the 
size, position, tone and function of the various organs, as explained 
later in the text. In many cases findings were checked at subsequent 
studies and serial studies were carried out at various intervals when 
indicated, since the positions of organs and, to some degree, the 
sizes of them are variable, within normal limits, because of differ- 
ences in body build. 

* The earlier roentgenographic studies were conducted mostly in collaboration 
with Dr. William S. Newcomet, assisted at times by Dr. E. W. Spackman. Some 
cases were studied in collaboration with Drs. George E. Pfahler and Bernard P. 
Widmann. A considerable number of later studies was carried out in collaboration 
with Dr. J. Donald Zulick, and also with one of the present authors (E. W. S.). 
Obligation is herewith expressed to the above and to Dr. Newcomet and Dr. Zulick 
in particular for their valuable and interested cooperation. 
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At the outset of the present study 100 unselected complete 
radiographic examinations of the gastro-intestinal tract of arthritics 
were chosen and the findings analyzed. On the basis of this pre- 
liminary survey a detailed plan for further studies was established 
as shown in Table 2. This plan was then used for the quantitative 
analysis of the remaining 300 cases in the arthritic series. These 
findings were then tabulated and compared with a series of 100 
normal cases selected from our sendees at the Presbyterian Hos- 
pital, Philadelphia. This series was reviewed to establish the 
criteria of normal limits, especially in regard to size and position 
of the various parts of the gastro-intestinal tract. In determining 
normal standards for this particular problem it is important to 
consider the build of the patient (Table 1). 


Table 1. — Roentgenogkaphic Gastro-intestjnal Data From 100 Normals. 


i 

Normal 

Asthenic 

Sthenic 

A — position of lower pole of stomach 

Fifth — L 

4 cm. below 
iliac crest 

Third— L 

B — position of cecum .... 

Middle third 
of iliac fossa 

Lower third 
of iliac fossa 

Upper third 
of iliac fossa 

C — position of hepatic flexure 

Third — L 

Only slightly 
above crest 
of ilium 

Second — L 

D — position of splenic flexure 

First — L 

Second— L 

Twelfth — D 

E — position of sigmoid .... 

Below first 
sacral seg- 
ment 

First sacral 
! segment 

Below first 
sacral seg- 
ment 


Upper and Lower Limits of Normal Width of Colon. 

Cecum . . . . 4 to 6 cm. Descending . . . 31 to 5 cm. 

Ascending . . . 4 to 6 cm. Pelvic . . . 3 to 5 cm. 

Transverse . . . 3J to 6 cm. Rectum . . . . 6 to 8 cm. 

It is well recognized that the asthenic type of individual often 
presents features suggestive of enteroptosis, whereas the more 
sthenic type does so less often. Some consideration must therefore 
be exercised towards what is to be considered as normal for the 
asthenic type and, by the same token, for the sthenic type. On the 
other hand, given this distinction, standards of normality may still 
be loosely applied in evaluating Roentgen ray studies of the gastro- 
intestinal tract. Thus, it by no means follows that a condition of 
marked enteroptosis, together with redundancy and sharp angula- 
tion of the colon, encountered in a person of asthenic type, is to be 
regarded as wholly normal and provision was therefore made to 
evaluate such departures. 

The normal series consisted very largely of symptom-free patients 
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who were referred for gastro-intestinal study as part of a general 
checkup examination and generally complained of nothing directly 
referable to the digestive system. Thirty-two of these patients 
were normal as to general body build, 20 were sthenic in type, and 
48 were asthenic. Table 1 indicates the upper and lower limits 
as to size and position of the organs for all three types. The width 
of the various portions of the colon showed less variation due to 
the body build than did the position of the flexures, and the limits 
determined in the diameter of the colon were therefore merely upper 
and lower limits of normal for these measurements irrespective of 
the patient’s build. From the analysis of the 100 normal cases the 
values occurring with the greatest frequency were computed and 
these data comprise the basis for Table 1. 

Table 2. — Results of Preliminary Studies on the Gastro-intestinal Tract 
of 100 Arthritics, Indicating Points to be Noted in Routine Studies. 

Esophagus: 

No findings of interest in arthritics. 

Stomach: 

Structure — size, position, type. 

Function — peristaltic activity, character of waves. 

Special — tenderness, irregularities and defects, retention at 6-hour period. 
Duodenum: 

Structure — size, position. 

Function — emptying time, tone, peristaltic activity. 

Special — defects, tenderness, dilatation, irregularity or delay and other duodenal 
loops. 

Gall bladder: 

Structure— size, position and regularity of outline. 

Function — absorption, concentration and fat response. 

Special — tenderness, calculi, fixation, flexibility. 

Small Intestines: 

Structure — general pattern. 

Function — distribution at the 6-hour interval, residue at the 24-hour interval, 
and motility. 

Special — tenderness, irregularity in pattern, defects. 

Colon: 

Structure — size, position, haustral appearance; individual parts studied were 
the cecum, ascending, transverse, descending and pelvic colon, rectum and 
flexures. 

Function — tone and motility. 

Special — defects, comparative study of position of various parts in lying and 
standing postures, position of appendix and iliocecal valve, regurgitation. 

Having estimated the criteria for normals, 300 cases of arthritis 
of both types were studied from the services of the writers at the 
Presbyterian Hospital, Philadelphia, the Abington Memorial 
Hospital, Abington, Pa., and from their private practices. Note 
was made of all variations from normal, comparing the arthritics 
with the normal standards, above described, but without reference 
to the type of arthritis, stage of the disease or any other clinical 
features of the case. The various features of this analysis are out- 
lined in Table 3. 

The findings in the 300 cases analyzed in this manner were 
tabulated and the results compared with the original 100 cases 
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examined at the beginning of the study. Inasmuch as dose cor- 
respondence of the figures for the two groups was obtained the 
findings were therefore considered to be reasonably representative 
of arthritics as a group. Review of the data thus obtained reveals 
that chronic arthritis, irrespective of type, is associated with a 
certain set of features or deviations from the norm, revealed by 
Roentgen ray examination of the gastro-intestinal tract, which 
might almost be called an “arthritic pattern.” No single feature 
noted is typical of rheumatoid disease but a combination of features 
is so constant that it can be regarded as a significant part of the 
general picture of chronic arthritis. 

Table 3 — Summary op the Principal Abnormalities Encountered in the 
Gastro-intestinal Tracts op 300 Arthritics * 


Esophagus- Cases 

No findings of importance 
Stomach 

Abnormalities of structure and position . . 92 

Abnormalities of function 99 

Abnormalities m special group (especially defects) 10 

Duodenum 

Abnormalities of structure 27 

Abnormalities of function (especially irritability and spasm) 184 

Abnormalities of special group (especially ileus) 4 

Gall bladder; 

Abnormalities of structure and position 237 

Abnormalities of function 2S1 

Abnormalities in special group (especially calculi) 44 

Small intestines 

Abnormalities of structure 2 

Abnormalities of function (especially in distribution of barium at the 
6- and 24-hour periods) 204 

Colon • 

Abnormalities of structure and position 361 

Abnormalities of function (especiallj eicessne regurgitation and 
abnormal retention after passing) 201 

Special group (especially defects) 28 


* Attention is directed to the fact that one organ such as the stomach or gall 
bladder maj present several delations from normal For purposes of breutj the 
sum of deviations is presented, ei en though such a sum may suggest undue extent or 
frequency unless this fact is kept in mind. A detailed consideration of these dona- 
tions wili be made the subject of a later communication 

The extent of deviations from normal within the gastro-intestinal 
tract is not necessarily, but usually, in accord with the general 
condition of the patient. The deviations are generally more 
pronounced in advanced cases and less marked in early cases. There 
is no distinctive aspect of any of the several features studied char- 
acteristic “per sc” of arthritis, e. g., pyloric irritability and duodenal 
spasticity, when present, appear in arthritis precisely as they do, 
when present, in gastric or duodenal ulcer, disease of the gall bladder, 
appendicitis and other local or systemic conditions. 

Abnormalities appear in either the gall bladder, stomach or small 
intestine in about 60% of cases. The complex most nearly char- 
acteristic of the arthritic syndrome is seen in relation to the colon. 
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At least 80% of arthritic cases present deviations from normal in 
this region. Two general phases of gastro-intestinal tone or balance, 
with intermediary gradations, are to be observed ; namely, atonicitv 
and spasticity. Hypotonic manifestations of part or all of the colon 
occur in about 40% of the series and completely atonic manifesta- 
tions in nearly 10%. Occasionally one part of the colon shows 
atonicity while another shows spasticity. 

Table 4.— Summary of Data Regarding Abnormalities in Various Organs 
From the Roentgen Ray Standpoint. 

Esophagus: 

No important deviations from normal appear except spasm. 

Stomach: 

Ptosis, dilatation, flabbiness, hypotonicity, changes in motor mechanism are 
frequently present (20% to 30%). Other features such as irritability, spasm, 
are often present but are regarded as of minor significance. 

Duodenum: 

Hypotonicity and irritability are commonly found (15%); fixation, tenderness, 
delay and organic deformities are less frequent (3% to 5%). 

Gall bladder: 

Ptosis, dilatation, subnormal absorption, subnormal concentration and response 
to fats or even non-function may appear. One or more of these departures 
from normal was observed in over 50% of the subjects studied. Other data 
have been encountered which may be considered as indicative of possible 
infection, past or present, such as adhesions. Calculi are sometimes found 
(approximately 10%). 

Small intestine: 

Disturbance of motor function in respect to either hyper- or hypoactivity is 
more commonly found than is any other feature in this region (15% to 20%); 

Colon: 

Cecum: Dilatation, atonicity and ptosis are the most frequent and character- 
istic features (80%), 

Ascending colon: Dilatation, haustral irregularity, hypotonicity are common; 
sometimes irritability is present. 

Hepatic flexure: Ptosis, hypermobility, folding and redundancy are frequently 
present. 

Transverse colon: Ptosis, hypermobility, folding, haustral irregularity and 
spasms are common. 

Splenic flexure: Elongation and redundancy arc commonly noted. 

Descending colon: Narrowing of lumen, haustral absence or irregularity, spasm, 
folding, sometimes associated with local tenderness or rigidity, are observed. 

Sigmoid: High looping and excessively redundant type with dilatation is 
characteristic. 

Rectum: Dilatation is common. 

In order to determine whether any feature of the gastro-intestinal 
findings differentiates the two types of arthritis or accompanies 
chiefly one or the other type, 100 unselected cases were reviewed, 
58 being of the atrophic variety and 42 of the hypertrophic variety. 
No such correlation was evident. Apparently the deviations from 
normal in the gastro-intestinal tract are similar in all essential 
respects in each variety. 

Table 4 gives a summary of the main findings in the series of 400 
cases under investigation. 

Certain of the patients who exhibited slight clinical manifesta- 
tions of arthritic activity at the time of examination presented from 
the gastro-intestinal standpoint a pattern comparable to that char- 
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acterizing severe arthritis. Some of these patients subsequently 
developed notable clinical activity in respect to arthritic mani- 
festations. Whether such conditions in the gastro-intestinal tract 
can be regarded in any sense as predisposing factors cannot be 
definitely ascertained from the present study alone. 

It can be fairly said, however, that in the study of arthritic cases 
at large, recognition of the type of variation in the radiologic field 
here discussed may definitely assist the clinician in estimating the 
extent to which a background of constitutional or structural weak- 
ness may be present in given cases. The results of the present study 
are not to be regarded as of diagnostic value but when obvious 
precipitating factors are absent, such as marked focal infection and 
the like, it becomes proper to give greater emphasis to the gastro- 
intestinal findings and to the varied implications which they bear 
in a systemic as well as a local sense. 

Parallel with the general course of the uninfluenced disease there 
is a tendency for some of the deviations of the gastro-intestinal 
tract above described to become more marked, particularly as 
regards ileal stasis and the configuration of the large bowel. This 
tendency is recognizable as concomitant with chronic disease of 
several kinds and, as remarked earlier, the deviations described in 
the foregoing text can be in no sense regarded as confined to or 
pathognomonic of the arthritic syndrome. It is perhaps superfluous 
to add that appreciation of this last mentioned fact in no wise 
obviates the necessity of evaluating the above deviations and 
determining their significance from the etiologic, pathologic and 
therapeutic standpoints. It may be well, however, to point out 
that the influence of abscessed teeth, or an infected prostate, in 
precipitating arthritis is well recognized although such foci of infec- 
tion are also to be found in countless persons in apparent health. 
Indeed, one of the difficulties characterizing some approaches to 
understanding and treatment of the arthritic syndrome has been 
an “ all or none ” attitude on the part of some observers. The fact 
that deviations of nutrition and of the gastro-intestinal tract do 
not explain all the phenomena of arthritis has led to a form of nega- 
tion which has minimized such considerations in spite of the further 
fact that parallel developments in the field of nutrition at large 
and in the gastro-intestinal tract and the deficiency diseases in 
particular, testify to an intimate and delicate balance between the 
processes there operative. Deviations from the processes of normal 
nutrition, at any link of the chain, may not only be significant on 
their own account, alone and in combination; they may even de- 
termine the existence of an infectious process and conditions its 
influence. Viewed in this light apparently minor departures from 
normal of anatomic or physiologic nature must be accorded a 
potential significance far beyond the surface implications. 

Thus, by way of illustration, the roentgenographic findings as 
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regards the colon afford explanation, and some corroboration, of 
studies conducted by Stabler and Pemberton 6 which revealed that 
the bacterial count of the feces among arthritics was definitely 
higher than among normals, although the kinds and proportions 
of organisms showed no great differences. The full significance of 
this correlation is not yet apparent but it is to be noted that McCar- 
rison 3 and others have induced in the large bowel of monkeys, by 
diets inadequate in vitamin B, a similar picture of elongation, 
dilatation and redundancy. This anatomic deviation can be 
carried on experimentally to changes in the mucosa amounting to 
colitis and in such animals there is clear evidence of the passage of 
bacteria through the walls of the gut with involvement of lymphatic 
nodes. It is not to be supposed that this situation has been demon- 
strated in its entirety in arthritics, though in advanced cases much 
of the picture may be observable clinically, and volvulus or intus- 
susception, with obstruction, has been met in several of the cases 
forming the basis of the present report. 

Elongation and dilatation of the large bowel are referable to 
atonicity of the 3 so-called “muscular bands” of the colon and 
this is a function not only of certain avitaminoses, particularly 
B Complex, but also of the balance of the autonomic nervous system. 

It is common knowledge to close students of arthritis that the 
nervous system may play an important role in precipitating or 
perpetuating the disease and that part of the accepted value of 
conditioned rest in the treatment of arthritics finds explanation in 
the influence it exerts on the nervous system. This influence is 
achieved partly through the removal of undue stimuli, but is 
reciprocal with other factors such as the dynamics of the circulation, 
the extent to which optimal nutrition is approached, the presence 
of infection, and so on. In this general connection reference should 
here be made to the fact, first brought out by Fletcher 1 and cor- 
roborated by Pemberton and Peirce 5 that, as arthritics showing 
dilatations and redundancies of the bowel undergo convalescence, 
striking changes in configuration and function of the bowel may 
occur, so that serial roentgenograms present marked contrasts, 
the later ones being hardly recognizable in terms of those first 
taken. Further evidence indicating the significance of these general 
findings is probably to be found in the occasional value of colonic 
irrigation in the treatment of selected cases of arthritis. In any 
event, the data at hand do not permit strong negative postulates 
that deviations in configuration, position and function of the colon 
of the extent mentioned can have no bearing upon physiologic 
processes with which that organ is primarily and secondarily con- 
cerned. On the contrary, the data herewith submitted indicate 
strongly, what clinical experience has long borne out, that arthritics 
as a group are accompanied by dysfunction of the gastro-intestinal 
tract, chiefly in the lower bowel, but also elsewhere, which is not 
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only susceptible of betterment but should be included in any wide- 
angled therapeutic approach to the problem as a whole. There is 
no opportunity here to discuss the measures available to this end. 
Suffice it that they centre around conditioned rest, equilibrium of 
the nervous sytem, optimal nutrition, including adjustment of the 
balance of the foodstuffs, the establishment of normal gastro- 
intestinal function and control of the influence of infection, if any. 

These considerations are not to be interpreted as implying that 
the gastro-intestinal deviations described, when present, constitute 
the chief factors to which attention should, in the care of arthritics, 
be given. On the contrary, they may in many instances be of 
academic interest only. On the other hand, in some instances in 
the series under discussion, therapy directed at more obvious 
factors proved unavailing and convalescence was initiated only 
when the gastro-intestinal tract was made the object, directly and 
indirectly, of intensive care. Such well marked deviations of the 
gastro-intestinal tract as a sluggish, not to say obviously infected, 
gall bladder usually receive appropriate study and treatment. This 
is not so usual, however, in cases of arthritis showing minor degrees 
of gastric retention, 1 :• 11 - 1 - : v~i — colonic stasis or 
enteroptosis. The inc! ' . has been shown 

by Hartung and Stein..?: : ' ' . - 'y high, 17% in 

atrophic and 28% in hypertrophic arthritis. Achlorhydria has been 
found by the same investigators in 3% of atrophic and 36% of 
hypertrophic arthritics. Replacement therapy here may have 
valuable consequences. The simply achieved but graphic influence 
of rest in recumbency upon a ptosed stomach or redundant and 
folded colon may be very significant. 

It is the conviction of the writers that rectification of these and 
other departures from normal in the gastro-intestinal tract cannot 
be expected to have graphic results, or indeed any consequences, 
unless conducted in conformity with a balanced plan of therapy 
which considers all aspects of the problem, beginning usually with 
bed rest, and coordinating from then on all measures brought to bear. 

Space does not permit of enlarging here further upon the impor- 
tance of this attitude towards the therapy of arthritis which has 
been set forth in previous communications. 40 ’ 6,5 Whether or not 
the several deviations of the gastro-intestinal tract above discussed 
underlie the syndrome at times or are invariably consequences, of 
it, the fullest possible rectification of them is a biological indication 
all too frequently ignored or overlooked. Only benefit in a wide 
sense can accrue from such practice and the clinical evidence is 
unmistakable that in certain cases of arthritis the influence of such 
considerations is not only contributory but even a sine qua non oi 

successful therapy. * , ,* i 

Summary. 1. Roentgenographic study of the gastro-mtestma 
tract has been conducted upon 400 arthritics and upon 100 control 
subjects. Upon the basis of data afforded by the control subjects, 
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reference points have been established for the various positions of 
parts of the tract and for limits of function. 

2. Among arthritic subjects, deviations from normal structure 
and function have been encountered in the stomach, gall bladder, 
small intestine, or in some combination of these, in approximately 
60% of the cases. The complex most nearly characteristic for 
arthritis is seen in the colon which presents ptosis, dilatation and/or 
atony in 80% of cases. 

3. No one of the above deviations is typical of rheumatoid dis- 
orders but a combination of them constitutes a more or less definite 
pattern in severely ill arthritics. There is a tendency for these 
deviations to parallel the general condition of the patient. 

4. Whether the deviations discussed underlie the syndrome or 
are consequences of it, rectification of them is a clinical indication. 

5. The measures necessary to this end are varied and must be 
coordinated. Apart from care of the gastro-intestinal tract yer se 
in respect to hydrochloric acid replacement, lubrication, provision 
of bulky food, and so on, therapeutic measures must centre around 
systemic rest, equilibrium of the nervous system, optimal nutrition, 
the control of infections, and a balanced plan of therapy which 
considers all aspects of the problem and of the patient. 

6. Neglect of the philosophical and therapeutic considerations 
inherent in these findings accounts for much of the difficulty ex- 
perienced in treatment of arthritics as a group. 
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THE RELATION BETWEEN PLASMA AND DIETARY 
ASCORBIC ACID. 

By A. Hughes Bryan, M.D., 
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Numerous experimental studies have demonstrated that in the 
guinea pig the ascorbic acid content of the tissues is dependent upon 
the amount of the vitamin administered as a supplement to the 
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scorbutogenic diet™-™* Similarly, in the case of human sub- 
jects, most investigators have found that the concentration of the 
plasma ascorbic acid reflects the level of the dietary intake, : 
although the quantitative aspects of this relation have ’not been 
dearly defined. In the present investigation we have sought to char- 
acterize more exactly the relation between plasma and dietary 
ascorbic acid levels in healthy human subjects aged 12 to 35 years 
who were following their usual dietary habits. 

Methods. The plasma ascorbic acid concentration was determined by 
mdopheno] titration of metaphosphoric acid filtrates under conditions 
essentially similar to those of the macro method of Fanner and Abt. 10 
Oxalated bloodsamples were collected from subjects in the fasting state; 
potassium cyanide was not used, as it has been reported to be unnecessary 
and to lead to error. 

The estimation of the average daily intake of ascorbic acid in the diet 
was a more difficult matter. Our subjects followed their usual dietary' 
habits, and, for a period of 10 to 14 days, kept a careful record of the weights 
of all foods consumed, using a spring balance for that purpose. We found 
it necessary' to prepare our own con version table for use in translating these 
records into terms of the average daily ascorbic acid intake. As reported 
elsewhere, 4 our conversion table is based on figures obtained from the 
literature, but is heavily weighted to favor our own analytical values for the 
ascorbic acid content of foods similar in respect to variety', brand, season, 
storage, preparation and cooking to those eaten by our subjects. Over 500 
samples of prepared food were analysed for this purpose, and the technique 
and possible accuracy of our estimates are discussed in the reference cited. 

Only' subjects free from acute or chronic medical disease were selected 
for this study'. Their state of health was assessed by' an interview in which 
their previous medical history' was reviewed and such physical examination 
performed as was indicated. 

In all, we are reporting 65 correlations of the plasma and dietary ascorbic 
acid levels of 56 individual subjects. Of these, 33 were student dietitians, 
medical students, or laboratory' workers, while 23 were hospital out-patients 
free from medical disease, and obtained for the most part from the Walter G. 
Zoller Memorial Dental Clinic through the courtesy' of Dr. James R. 
Blaymey'. The total material is divided into two groups as follows: 

Group I consists of 41 correlations of the plasma and dietary' ascorbic 
acid levels of 36 individual subjects. Of these, 22 were males and 14 females; 
15 were between the ages of 12 and 19 years, while 20 were from 20 to 35 
and one subject was 42 y'ears old. In this group a plasma determination was 
made at the beginning and end of a 10 to 14-day weighed diet record, and 
only those cases included in which the two plasma determinations agreed 
within 0.2 mg. per 100 ce. Group I comprises our more accurate correla- 
tions. . . 

Group II includes 24 correlations in 20 additional subjects, and is set 
aside from Group I either because the diet record was kept in terms of 
measured rather than weighed portions (a less accurate method), or because 
only a single plasma determination was done, and it is less certain that the 
subject was in equilibrium with liis diet. 

All subjects are included in this report except those excluded (a) because 
they fell outside the specified age group, 12 to 35 (42) years; (b) for reasons 
of health - or (c) because their two plasma determinations differed by more 
than 0.3 rug. per 100 ec. and equilibrium with the dietVas questioned. 

Results. The results of this study are presented as scatter-point 
diagrams (Charts 1 and 2), in which the average daily intake of 
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ascorbic acid per kilo of body weight is plotted against the average 
plasma ascorbic acid for the period studied. Chart 1 presents the 
41 correlations of Group I, while Chart 2 presents all 65 correlations 
of both groups. Taking into account errors inherent in our method, 
we consider that Charts 1 and 2 satisfactorily demonstrate the close 
dependence of the plasma concentration on the vitamin intake per 



Chart 1. — Correlation of the fasting plasma ascorbic acid concentration with the 
average daily intake of ascorbic acid per kilo of body weight (Group I). 


kilo of body weight. At least three types of error may affect the 
observed relation between the dietary and plasma level and hence 
cause undue dispersion of the points on the graph. First, it is our 
experience that repeated plasma determinations in a subject re- 
ceiving a known, constant daily intake of the vitamin may vary 
by as much as 0.2 mg. per 100 cc., and the technical error of the 
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method is 0.1 mg. per 100 cc. Second, the value here assigned to 
the ascorbic acid intake is an estimate rather than a direct determina- 
tion. finally, the eating habits of many of our subjects were some- 
what irregular in respect to vitamin C, and it may be questioned 
whether in these cases their plasma had always attained complete 
equilibrium with their dietary ascorbic acid. 



Chart 2. — Correlation of the fasting plasma ascorbic acid concentration with the 
average daily intake of ascorbic acid per kilo of body weight (Group I plus II). 


It will be noted that we have expressed the ascorbic acid intake 
in terms of milligrams per kilo of body weight. If we plot instead, 
the total average daily intake regardless of body weight we obtain 
a wider scatter of experimental points than is noted in Chart 1. We 
have also tried plotting the relation between plasma concentration 
and the daily ascorbic acid intake both per square meter of body 
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surface and per 100 calories of calculated basal metabolism, and we 
find in each case a correlation which approaches more nearly that 
seen in the charts here published. We believe, however, that the 
unavoidable variability of our data makes it impossible to decide 
from comparisons of this sort whether or not the metabolic rate is 
as important as body weight in determining the requirement for 
ascorbic acid. Animal studies are likewise inconclusive on this 
point. In guinea pigs weighing from 120 to 1040 gm., Dann and 
Cowgill 8 found that the amount of vitamin C necessary to protect 
against scurvy was directly proportional to the body weight, and 
little, if at all, influenced by the metabolic rate. But others have 
shown that thyroid feeding increases the dose of vitamin necessary 
to protect guinea pigs against scurvy, 19 and decreases the amount of 
ascorbic acid to be found in their tissues. 9,17,20 

Returning to our charts, it will be noted that the plasma con- 
centration increases in a more or less linear fashion with increasing 
dietary intake until the latter reaches a value in the neighborhood 
of 1.7 to 1.9 mg. per kg., and the plasma approximates 1.0 mg. per 
100 cc. A further rise in the intake has much less effect on the plasma 
level. This abrupt change in the correlation between intake and 
plasma concentration is, of course, a reflection of the condition 
widely discussed in the literature under the term "saturation,” in 
which the tissue "stores” are considered to be full, and the body 
responds to a large test dose of ascorbic acid by excreting in the urine 
a good proportion of the extra vitamin administered. 

Other workers have determined by different techniques the 
amount of vitamin C necessary to maintain saturation in healthy 
adults and their results tend to confirm our findings. Ralli, Fried- 
man and Sherry, 18 for example, found in extended studies of 3 experi- 
mental subjects that the ingestion of 100 mg. of ascorbic acid a day 
caused a maximum retention of the vitamin and stabilized the plasma 
concentration at or above 1.0 mg. per 100 cc. Although Ralli and 
co-workers do not consider body weight a factor, if we take the 
liberty of calculating intake per kilo from their report we obtain 
1 .4 to 1.6 mg. per kg., figures approaching those indicated in Chart 1 . 
Also, Belser, Hauck and Storvick 2 and Todhunter and Robbins 22 
found in experiments of shorter duration that saturation, as judged 
by the urinary response to a test dose, could be maintained by 
intakes of 1.2 to 1.7 mg. per kg. (7 subjects), and 1.6 to 1.7 mg. 
per kg. (3 subjects), respectively. 

Indeed it should be possible to predict from Chart 1 the daily 
intake necessary to stabilize an individual at a given level of plasma 
ascorbic acid. To test this point the experiments presented in 
Table 1 were performed. The plasma concentrations of 5 normal 
subjects were adjusted to the levels to be tested by increasing or 
decreasing their vitamin C intake. Each was then given a diet 
practically devoid of the vitamin together with a supplement of 
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synthetic ascorbic acid or titrated fruit juice at each meal such that 
lus total daily intake was that indicated in Chart 1 as necessary 
to maintain the new plasma level. The experiments were con- 
tinued for It) or 11 days, except for one which lasted 25 days, and 
in no case did the plasma value vary by more than 0.2 mg. per 
100 cc. The 5 correlations of plasma and dietary ascorbic acid 
obtained in this way are included in Charts 1 and 2 as hollow circles 
in place of the solid dots which represent the other correlations. 

Table 1. The Daily Intake of Ascorbic Acid Necessary to Stabilize the 
Fasting Plasma Ascorbic Acid at a Given Level. 

Average 

fasting Daily intake of 
plasma ascorbic acid. 


Subject. 

Ser:. 

Age. 

Weight, 

kg. 

acid, 
mg. per 
100 cc. 

Total. 

mg. 

Per kilo Duration of 
body wt. experiment, 
mg. /kg. days. 

1 . . 

. M 

21 

66 

0.6 

66 

1.0 

25 

2 . . 

. M 

24 

6S 

0.6 

69 

1.0 

11 

3 . . 

. U 

20 

S2 

0.9 

150 

1.8 

11 

4 . . 

. M 

15 

40 

1.0 

95 

2.4 

10 

5 . . 

. M 

22 

59 

1.1 

ns 

2.0 

11 


Discussion. The results presented in this paper indicate that in 
normal human subjects, 12 to 35 years of age, who are in equilibrium 
with their diet, the level of the plasma ascorbic acid in the fasting 
state is a function of the average daily intake of ascorbic acid, the 
latter perhaps best expressed as intake per kilo of bod 3 r weight. 
For this reason, the determination of the fasting plasma ascorbic 
acid in the healthy subject provides a useful tool in nutrition studies 
as it helps to characterize in an objective way the subject’s previous 
diet. Repeated plasma determinations offer an indication of whether 
or not an individual has attained equilibrium after a significant 
change in his vitamin C intake. The effect of various pathologic 
processes on the relation between plasma concentration and dietary 
intake of ascorbic acid requires further study. 

It should be noted that the fasting plasma ascorbic acid runs its 
full gamut of change, and reaches zero, a good while before any signs 
of clinical scurvy can be found. Thus Crandon, Lund and Dill' 
reported that the first symptoms of scurvy appeared in their experi- 
mental subject after his plasma concentration had been zero for 
120 days, and after he had been completely deprived of vitamin C 
for 161 days. Butler and Cushman 5 have advocated the determina- 
tion of the apparent ascorbic acid content of whole blood, or of white 
cells plus platelets, as an index of vitamin C deficiency extending 
beyond the. limits imposed by the disappearance of ascorbic acid 
from the plasma. Nevertheless, in our experience, plasma concen- 
trations of less than 0.1 mg. per 100 cc. have been associated with 
very low intakes of ascorbic acid, 5 to 20 mg. a day, so that even 
under these circumstances the plasma determination helps to char- 
acterize the diet. 
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Summary. 1. In healthy human subjects, 12 to 35 years of age, 
who are in equilibrium with their diet, the level of the fasting plasma 
ascorbic acid is a function of the average daily intake of the vitamin, 
the latter perhaps best expressed as intake per kilo of body weight. 

2. Saturation, with a plasma concentration of approximately 

I. 0 mg. per 100 cc., occurs with intakes in the range of 1.7 to 1.9 mg. 
of ascorbic acid per kilo. With lower intakes the plasma level varies 
directly with the intake; higher intakes cause little further increase 
in the plasma. 

3. From the data here reported, the daily intake of ascorbic acid 
necessary to stabilize a normal individual at a given level of plasma 
concentration may be predicted. 

4. Determination of the fasting plasma ascorbic acid affords 
a useful, objective method of characterizing the diet of the normal 
individual in regard to his previous vitamin C intake. 
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(From the Endocrine Clinic, Department of Medicine, New York Post-Graduate 
Medical School and Hospital, Columbia University.) 

It lias been repeatedly demonstrated that testosterone therapy, in 
the form of testosterone propionate, administered by injection has 
proved to be of definite value in the treatment of certain hypo- 
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gonadal states, such as eunuchs, castrates, eunuchoidism, and the 
like. Also, investigations and studies on inunction and implantation 
therapy are being made. Needless to say the most desired step now 
would be the equation of oral therapy of some form of testo- 
sterone. . In 1937, Foss 2a attempted oral administration of testo- 
sterone in a castrate of 38 years, after successful treatment by 
injections. Plain testosterone in dosages up to 100 mg. per day, 
has little or no effect on potency. As a further proof of oral ineffi- 
cacy of glandular preparations, Dodds 1 concluded that all desiccated 
protein preparations of organs, except that of thyroid, were inactive. 

In 1938, Miescher and Tschopp 3 discovered that methyl testo- 
sterone was considerably more active by mouth than any of the 
other preparations previously investigated, namely, testosterone, 
androstanediol, androstenedione, testosterone propionate, and andro- 
sterone. This was demonstrated by the increase in the weight of 
seminal vesicles and prostates of castrated male rats. They sug- 
gested that possibly greater protection of the active hydroxyl group 
from fermentative influences in the alimentary tract was acquired 
from the adjacent methyl group. 

Foss 26 again was among the first to try this preparation clinically. 
He demonstrated that it was able to maintain excellent potency in a 
post-pubertal eunuch with 100 mg. methyl testosterone by mouth 
daily, using 10 mg. tablets. Doses of 50 mg. methyl testosterone, 
daily, maintained fair to adequate potency. This dose was far 
superior to 100 mg. of plain testosterne. Excretion tests showed 
adequate utilization and maintenance of dose levels. Foss 26 
further tried it on liypogonadal boys, with and without obesity. 
The dose varied from 25 to 50 mg. per day, and he reported satis- 
factory results. In women, methyl testosterone was found of dis- 
tinct value in some cases of dysmenorrhea. No specific toxic effects 
were noted aside from some slight gastric irritation, nausea, anorexia, 
but relieved by alkaline medication. 

Having obtained a supply of methyl testosterone,* we decided to 
use it in several different types of cases, as follows: I, as primary 
treatment in a mild eunuchoid, aged 18; 2, as a maintenance therapy 
in a patient with hypopituitarism associated with hypogonadism, 
who had already made startling progress with testosterone pro- 
pionate by injection; 3, as primary treatment in a case of hypo- 
pituitarism with stunting of growth and hypogonadism; 4, as 
primary treatment in a lGl-year-oId post-operative eunuchoid 
(following operation for hernia and undescended testes); and, 5, 
as primary treatment in a 22-year-old eunuchoid. 

Case Abstracts.— Case 1. E. S., aged 18, presented himself on Decem- 
ber 15 1939, because of lack of supra-pubic, axillary and facial hair, small 
penis, high pitched voice, absence of the normal libido for this age, and no 

* The methyl testosterone was supplied by Sobering Corporation, through the 
kindness of Dr. Max Gilbert. 
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history of erections. He was 70 inches- tall. Physical examination was 
otherwise negative. He was placed on 150 mg. methyl testosterone by 
mouth per day, taken as 50 mg. three times daily. Within 3 weeks there was 
definite enlargement of the penis, increase in supra-pubic and axillary hair, 
and numerous erections. Because of a phimosis, it was decided to perform 
a circumcision, and so the methyl testosterone was stopped after 1 month 
to permit a subsidence of erections and libido. With the discontinuance of 
therapy, there was a distinct decline in the erections, libido, hair, growth, 
and so on. 

Case 2. — M. E., aged 14, was an example of Lorain-Levi Infantilism. 
Because of definite retardation in growth, treatment with growth hormone 
(Plryone) was commenced at the age of 8, and continued for 1 year. After a 
year without treatment, injections were resumed, using Antuitrin-G and 
Antuitrin-S. From the age of 10 to 14, treatment had been continued off 
and on, and his height increased from 40 inches to 48 inches, but at 14, his 
genitalia remained those of a child of 6. He was in the fifth term high 
School, bright and intelligent, had a very high pitched voice and no facial, 
axillary or supra-pubic hair. He had never had an erection. The testes 
were barely palpable, the scrotum exceedingly small. He appeared to be 
about 6 or 8 years of age. The physical examination was otherwise nega- 
tive. Roentgen ray photographs of the wrists revealed bones somewhat 
small for the age, and epiphyseal development relatively normal. The sella 
turcica was within normal limitations, shape and size. From October 1, 
1939, to December 9, 1939, he received injections of Growth Complex 
(Ayerst, McKenna and Harrison) 5 cc. twice weekly, and 22 injections of 
testosterone propionate (Oreton), 25 mg. each. The changes were so strik- 
ing that they challenge description (see photographs). -At this point, 
December 15, 1939, he was placed on 150 mg. methyl testosterone per day 
(50 mg. three times daily), and this was continued to May 7, 1940. The 
effects of testosterone as demonstrated originally by the injections were 
continued— growth of genitalia, growth of hair, increasing depth of pitch 
of voice, growth of 4 inches in height, gain of 17 pounds in weight, complete 
change in configuration, appearance, and so on. From May 7, 1940, to 
October 15, 1940, he was without treatment. There was slight regression 
during this period— number of erections were reduced, and the amount of 
supra-pubic hair was slightly decreased. 

Case 3.— C. B. came under observation on September 22, 1939, aged 18. 
His family history and his previous history is of no consequence. He had 
always been shorter than other boys of his age, and his sexual development 
was that of a boy of about 8 years of age. Weight was 105 pounds. Height 
was 57 inches, span 60 inches, and the measurement from superior symphysis 
pubis to floor 29 inches, and from superior symphysis pubis to vertex 28 
inches. There was no facial, axillary or supra-pubic hair. His voice was 
high pitched, his breasts were slightly enlarged. His penis was very small, 
the left testicle was in the scrotum but pea sized, and the right testicle could 
not be felt. Physical examination was otherwise negative (see photo- 
graphs). Blood pressure was 110/76. His basal metabolic rate was —7%. 
The blood count was normal. Sugar tolerance curve: 1 hour, 70; 2 hours, 95; 
3 hours, 90. Roentgen ray study revealed a delay in epiphyseal ossifica- 
tion. From October 31, 1939, to March 1, 1940, he received 1 cc. Anteron 
(400 TJ.) and 2 cc. Pituitary Alkaline Extract (Squibb), each three times 
weekly, without any change whatsoever. He was then placed on methyl 
testosterone 150 mg. per day, by mouth, for 5 months. The changes were 
striking— change in contour, configuration, genital growth, both testes are 
now palpable and larger, voice pitch lower, growth of supra-pubic and 
axillary hair, growth of 2 inches in height. 
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Case 4,— S. B., aged 1G§, cartie to the clinic February 16, 1940. His 
family history was irrelevant. At 9 years of age an operation was per- 
formed for bilateral hernise and undescended testes. There is no note as to 

E. S.— 12/21/39 E. R.— 2/10/40 



E. S. — 12/21/39 


E. S— 2/10/40 




METHYL TESTOSTERONE ADMINISTERED ORALLY 


87 


whether testes were found at operation. At 15 he had a course of 23 injec- 
tions of A.P.L. (500 U. per cc.) with very little effect on genitals or hair 
growth. His complaints were the usual: lack of growth of penis, girdle 
obesity, enlarged breasts, high pitched voice, lack of supra-pubic, axillary 
and facial hair, complete absence of the normal sexual feeling. His weight 
was 135 pounds, his skin smooth, voice high pitched, breasts prominent, 
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and genitalia very small. No testes could be felt. Examination of heart 
and Jungs were negative. Blood pressure 122/72. His height was 64 inches, 



C. B —10/15/39 
March 1 , 1940, also as above 


C. B.— 6/3/40 


C. B.— S/6/40 



G.B.— 10/15/39 C. B.— 6/3/40 C. B.— S/D/40 


examination of wrists showed normal epiphyseal development for Ins age. 
From February 23, 1940, to June 9, 1940, he received 150 mg. methyl 
testosterone per day, and from June 7, 1940, to September 7, 1940, 100 mg. 
per day. The changes have been marked and dramatic— growth m size of 
genitalia, growth in supra-pubic, axillary, and facial hair (he shaves twice 
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each week, which is an unusual observation or result), numerous and fre- 
quent erections, voice is now deep and masculine, increase in stature and 
change in body configuration. 


S. B.— 3/1/40 S. B.— 5/18/40 S. B.— 8/16/40 



S. B.— 3/1/40 S. B. — 5/1S/40 


Case 5. — T. McG., aged 22, admitted on December 1, 1939. His family 
and previous history apparently is without significance. He complained of 
an awareness of genital underdevelopment and inadequate secondary sex 
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characteristics, since the age of 16, when contact with other boys brought 
this to his attention. There was a slight amount of libido, and an occasional 
erection. He was a tall, moderately obese boy with long lower extremities, 
Height was 71f inches, span 74 inches, lower measurement 40 inches, upper 
31f inches. Weight Avas 180 pounds. Slight divergent strabismus. Heart 
and lungs Avere normal. Blood pressure 120/65. Slight gynecomastia. 
There Avas no facial, nor axillary hair, and a feAV supra-pubic. Penis 
was very small, and scrotum small and thin. Right testicle was not felt, 
Avhile the left Avas "lima bean” in size. The Roentgen ray photographs of 
the sella turcica was normal, Avhile the wrists shoAA r ed delayed bone develop- 
ment, and the epiphyses Avere open. The basal metabolic rate Avas —13%. 
Sugar tolerance curve: 1 hour, 70; 2 hours, 90; 3 hours, 80. On January 6, 

T. McG.— 1/2/40 T. McG.— 2/8/40 



T. McG— 5/24/40 T. McG— 10/3/40 


1940, treatment with methyl testosterone was commenced, 50 mg. three 
times daily, by mouth. Within 2 weeks, the penis Avas larger, reddened, and 
erections more frequent. The progression was steady, continued and 
marked— growth of penis and scrotum, left testicle larger, marked growth of 
supra-pubic and axillary hair, general configuration and appearance more 
mature and masculine. He gained 10 pounds in Aveight. There was marked 
libido and frequent erections. From February 1, 1940, to March 1, 1940, 
he had edema of the extremities, which was unexplained, excepting as 
possibly a testosterone effect. 

Summary and Conclusion. Methyl testosterone, administered by 
mouth, 100 to 150 mg. per day, Avas beyond all doubt effective in 
inducing testosterone effects in seA'eral different types of patients, all 
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with hypogonadism. Its continued use maintained the effects of 
testosterone administration. In general, it appears that the earlier 
changes may be brought about more rapidly by injections of testo- 
sterone propionate. All the observations originally made following 
injections of testosterone propionate in such cases were found in this 
group with oral administration. Further observations, time, and 
indiv idual case variations will determine dosage, dur&tion of therapy 
regression following discontinuance, and unusual or toxic responses. 
We feel that toxic or unusual responses are minimal, as are those of 
testosterone therapy in general. None of the patients complained 
of gastric distress or upsets. The time of dosage or its relation to 
meals apparently made little, or no difference. The extremes in 
variation of response may be due to individual case variations or 
require further study in dose. Methyl testosterone orally appears 
to be a good, safe, substitutive form of male sex hormone therapy. 


(1.) Dodds, L.: Brit. Med. J., 2, 361, 193S. (2.) Foss, G. L.: (at Lancet, 2, 1307, 

1937; (6) Brit. Med. J., 2, 10, 1939. (3.) Miescher, X., and Tschopp, E.: Schweiz, 

med. Wehnschr., 68, 1258, 1939. 


THE SCOPE OF ARTIFICIAL IMPREGNATION IN THE BARREN 

MARRIAGE. 

By S. Leon Israel, A.B./M.D., F.A.C.S., 

INSTRUCTOR IX GYNECOLOGY AND OBSTETRICS, SCHOOL OF MEDICINE, UNIVERSITY OF 

Pennsylvania; associate attending gynecologist, mount sinai hospital, 

PHILADELPHIA, PA. 

The involuntarily barren marriage continues, as it has for ages, 
to present an important medical, economic, and psychologic prob- 
lem. The oft-quoted statement that from 10% to 15% of marriages 
in the United States are involuntarily barren, while coldly accurate, 
does not sufficiently express the appalling degree of marital inse- 
curity and the deep unhappiness which lie submerged in the statis- 
tics. It is, therefore, the duty of any physician consulted by a barren 
couple to appreciate the complexity of the situation and to bend his 
every effort to the solution of the difficulty. From the standpoint of 
the required systematic survey, it is essentia] that both partners be 
assiduously investigated for possible etiologic factors and that any 
possible impediment, however slight, be removed. The methods of 
making an organized search in each marital partner and the means of 
treatment, having been clearly described in recent years, 1 ’ 8 are not 
within the province of the present essay. _ 

This presentation is concerned with the relatively small group o 
childless couples who, having been thoroughly studied and, per- 
haps, treated, find themselves in the unhappy estate of unifatera 
barrenness-a dilemma in which the female is theoretically fertile 
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and the male alone is absolutely sterile. Is it the privilege of such 
unblest women, lucklessly mated to sterile husbands, to achieve 
maternity artificially? The moral and legal aspects of this question 
are, for the present, difficult to crystallize, but from the physiologic 
viewpoint the response is unequivocally affirmative. It must, 
nevertheless, be admitted that it is well-nigh impossible to apply the 
medical answer without due consideration to the two imponderable 
components of the question. 

If an absolutely irremediable barrier to fertilization is found in the 
husband and if the wife, after complete study, is potentially fertile, 
it is then incumbent upon the physician to explain the hapless 
predicament to the barren couple. The physician should not attempt 
to sway the judgment of the couple but should merely discuss with 
them the need of adjusting their marital philosophy to that of a 
childless union; or, if they so please, the advisability of adopting one 
or more children. Occasionally, it will be suggested by one of the 
partners that the wife submit to artificial impregnation or, as the 
lay magazines state, “have a test-tube baby.” The physician need 
assume no particular responsibility if one of the first two courses is 
chosen, but his burden is, indeed, heavy should the couple elect the 
last-mentioned procedure. 

The occurrence of normal pregnancy following the artificial 
transfer of semen to the reproductive tract of the female is not a 
a newly discovered phenomenon. The fourteenth-century legend 
of the warring Arabian tribesmen who, in the dead of night, success- 
fully inseminated the well-bred mares of their enemies with semen 
obtained from inferior stallions is often related as the origin of the 
procedure. The first successful experimental fecundations were 
those of Jacobi who, in 1700, was able to fertilize artificially the eggs 
of fish. 4 Nearly a century later, the Abbe Spallanzani succeeded in 
artificially impregnating a spaniel bitch. 11 The first successful 
artificial impregnation in a human female is credited by Home 6 to 
John Hunter who allegedly related the occurrence of such a preg- 
nancy following the transfer to the vagina of semen from a husband 
with hypospadias. In the United States, Marion Sims was the first 
to employ this modality in sterility. In 1866, Sims 10 reported that 
1 of 6 intrauterine inseminations had been successful. Since that 
time, as reviewed recently by Cary, 2 many gynecologists have 
recorded their experiences with artificial impregnation. The pro- 
cedure is currently in the limelight because of the keener interest 
in barren marriages and because, as knowledge concerning the 
menstrual cycle and ovulation accumulates, such inseminations 
are more often successful. The recent questionnaire survey 96 of 
30,000 physicians, conducted by the National Research Foundation 
for Eugenic Alleviation of Sterility, shows that at least 9000 live 
children were produced by artificial impregnation in this country 
up to June, 1940. 
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. fcuUcations for Artificial Impregnation. The indications for artificial 
impregnation in instances of sterility, though limited and well de- 
fined, vary with the type of insemination to be employed. The 
procedure may be either homologous, when the husband's semen is 
artificially transferred to his wife’s reproductive tract, or heterologous, 
when the semen of a stranger is employed. 

Homologous insemination is indicated in the presence of either 
penile or vaginal malformations which prevent the normal deposi- 
tion of semen in a couple otherwise potentially fertile. Thus, either 
hypospadias or pronounced vaginal atresia may constitute an indi- 
cation for homologous insemination. A persistently acid reaction 
of the cervical mucus, as described by Guttmacher and Shettles, 5 
may be considered an indication for homologous insemination of the 
intrauterine type. The procedure is, however, of no value in the 
management of ordinary sterility wherein one attempts, as Gutt- 
macher 1 states, “to give the spermatozoa a 3-inch boost on their 
6-inch journey.” 

Heterologous insemination, utilizing the semen of a donor, is 
indicated when it has been positively determined that the husband 
is absolutely sterile, as in either total aspermia or irreparable 
azoospermia, and that the wife is potentially fertile. The latter 
statement implies definite knowledge that the Fallopian tubes of the 
wife are normally patent, that there is no cervical infection, and 
that the uterus is not underdeveloped. It is obviously important 
that the wife be free from any constitutional or local disorder which 
would make pregnancy hazardous. Heterologous insemination is 
the type usually employed, because absolute sterility of the male 
is more common than genital malformations of either partner. For 
this reason, certain prerequisites to its success, as well as the tech- 
nique, are herein discussed. 

Moral and Legal Aspects of Heterologous Insemination. The condi- 
tions imposed upon the physician who consents to perform artificial 
impregnation in a potentially fertile woman, with semen from a 
donor other than the husband, include the proper selection of couples 
in which such a procedure may be risked and the careful choice of a 
suitable donor. 

In selecting the couples, it must be ascertained that both hus- 
band and wife are equally earnest in the request that artificial 
impregnation be performed and that both of them fully grasp the 
psychologic and emotional dangers which surround such a pro- 
cedure. It is best to delay the proposed insemination for several 
months in order that the physician may assure himself that the 
husband’s interest is not abnormally heightened by sheer bra%a 0 
in an attempt to escape the self-accusations of inferiority. By thus 
familiarizing himself with the character of the husband, the physi- 
cian is aided in his determination to avoid any future manta 

discord. 
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As a medicolegal safeguard, written permission for the impregna- 
tion should be obtained from both partners. The author does not 
deem it wise or necessary to establish all of the ceremonious legal 
formalities which Seymour and Koerner 9a suggest. Several possible 
legal charges have been mentioned by both lay and medical writers 
as constituting serious obstacles, namely, a violation of the law by all 
concerned, the crime of adultery by the wife, and the aspersion of 
bastardy on the heir. There being no law, written or unwritten, 
concerning the legality of the act, the participation by anyone in the 
execution of artificial impregnation is not a statutory offense. The 
question of adultery is a debatable one, even though someone has 
said that “ it is difficult to conceive of adultery being consummated 
in a test-tube.” The common law, upon which most decisions con- 
cerning adultery would rest, considers adultery to be linked to the 
concept of sexual intercourse, an element lacking in artificial im- 
pregnation. However, as Beardsley 1 points out, the Supreme Court 
of Ontario, in 1921, sustained a charge of adultery by stating, “The 
essence of the : offense of adultery consists not in the moral turpitude 
of the act of sexual intercourse, but in the voluntary surrender to 
another person of the reproductive powers or faculties of the guilty 
person.” If such a decision were generally upheld, it could be made 
to affect all women Avho submit to artificial impregnation. 

The legitimacy of the child born of artificial impregnation is a 
delicate question. As a general rule, most statutes protect any child 
born in wedlock from the aspersion of bastardy. However, even 
though the presumption of legitimacy is one of the strongest pre- 
sumptions of the law, it is not absolute under all circumstances. 
It is easily controverted by proof of the husband’s sterility. There- 
fore, in order to avoid any future shadow of bastardy and to guard 
the property rights of the child, whose inheritance privileges may be 
challenged by greedy relatives who by chance acquire knowledge of 
the manner of conception, it is best to establish protective measures 
at the time. The suggestion of Seymour and Koerner 90 that, after 
pregnancy results from artificial impregnation, another physician— 
one ignorant of the origin of the conceptus— be engaged to complete 
the obstetric care does not solve the problem. The advice of the 
Legal Bureau of the American Medical Association 3 that the hus- 
band institute formal adoption proceedings as soon as the child is 
born, while certainly a safe course, seems to be unnecessarily public. 
Once a man has accepted a child born to his wife as his own, the 
law almost guarantees the legitimacy and, therefore, the inheritance 
of that child. Thus, in the author’s opinion, the signed, witnessed 
consent of both marital partners for the performance of artificial 
impregnation, to which the husband has appended the affirmation 
that the child is his and his legal heir, 1 constitutes sufficient legal 
protection for all concerned. 

The selection of a donor entails the impersonal purchase by the 
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physician of semen from a healthy, fertile male of good character 
and favorable heredity-one who has no evidence, clinical and sero- 
logical, oi ever having had either gonorrhea or syphilis. The donor 
must, moreover, be Unknown to the barren couple. The request 
by the couple that a member of the family be employed as the donor 
should be categorically denied. It is obviously important for 
esthetic, moral, and psychologic reasons to preserve the anonymity 
or the donor. It is best that the donor selected be of the same racial 
strain as the husband and, if at all feasible, possess some of his 
physical characteristics. 

Technique of Artificial Impregnation. The success of any insemina- 
tion hinges on the potential fertility of the wife, as previously 
mentioned, on the excellence of the donor’s semen, and on the timing 
of the insemination. The manner of introducing the semen into the 
vagina is the simplest part of the procedure. The donor is instructed 
to obtain the semen by manual masturbation, collecting 1 it in a sterile, 
dry, glass vial and keeping it at room temperature uritil used. The 
semen should be introduced into the recipient as soon as possible 
after its collection, certainly within an hour. The specimen should 
be examined microscopically, as a check, when it is received from the 
donor. 

The wife is advised to have intercourse with her husband, if he has 
no pyospermia, just prior to reporting for the insemination, with the 
hope that an imminent ovulation may be hastened and that favor- 
able cervical secretions will be stimulated. If intercourse with her 
husband is not feasible, the woman is advised to take a preliminary 
vaginal douche with 2.5% solution of sodium bicarbonate. The 
temporary alkalinity of the vagina thus achieved may enhance the 
fertilizing ability of the spermatozoa. With the patient in the usual 
lithotomy position and the table tilted to the Trendelenburg angle, 
the specimen of semen is then merely squirted against the external os 
without exposing the cerv>ix. For this purpose, it is convenient to use 
a sterile, dry, glass syringe and a blunt, 16-gauge needle. The patient 
is kept on the table in the Trendelenburg position for 30 minutes 
and is then permitted to follow her customary duties. 

There is nothing to be gained, in the author’s experience, by intro- 
ducing the semen directly into the uterine cavity through a small 
rubber catheter or a Keyes-Ultzmann cannula. In fact, the results 
of the intrauterine method may be inferior because of the expulsive 
contractions of the uterus evoked by stimulation of the internal os. 

It is imperative, when the intrauterine technique is employed, to 
allow the uterine spasm caused by r the passage of the catheter or 
cannula to subside before introducing no more than 0.5 cc. of the 
semen. A larger quantity of the semen tends to distend the uterine 
cavity and may give rise to undesirable contractions. 

The timing of the artificial insemination so that it coincides with 
ovulation is obviously of paramount importance. When the wife is 
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able, because of either habitual midcycle pain or cyclic expulsion 
of clear cervical mucus, to foretell accurately the time of ovulation, 
the problem is simplified. If, however, no signs suggestive of 
ovulation are available, as is usually the case, 2 or 3 inseminations 
during the midportion of a single cycle should be performed. When 
failure occurs, even after such multiple inseminations, the days of 
the cycle selected should be altered at the next trial. In one of the 
successful cases herein reported, for instance, pregnancy did not 
occur after inseminations on the 11th and 14th days of the menstrual 
cycle but did follow subsequent inseminations on the 12th and 15th 
days. It is obvious that a large element of chance is involved in the 
meeting between a highly fertile ovum and a spermatozoon of 
similar quality. Seymour and I'Coerner 9& recently reported that the 
average number of inseminations successfully employed by more 
than 4000 physicians was 12. This number of attempts was dis- 
tributed in many ways, such as 1 insemination per month for 12 
months, 2 inseminations per month for 6 months, and so forth. It is 
significant that 124 physicians reported successful artificial impreg- 
nation after as many as 21 inseminations. The patient, donor, and 
physician must be prepared, therefore, to repeat the procedure many 
times before meeting with success. The patient and donor will be 
more cooperative, if this is explained prior to the undertaking. 

The recent observations of Guttmacher and Shettles 5 on the cyclic 
penetrability of the cervical .mucus to spermatozoa may obviate the 
necessity of multiple inseminations. These authors recommend the 
application of a micro-technique for the repeated study of the 
penetrability of cervical mucus and record several successful in- 
seminations during the so-called optimal phase of maximum sper- 
matozoal penetration. The method described appears to deserve 
future study and trial. 

Table 1. — Data Concerning Six Artificial Impregnations Which Resulted 

in Normal Infants at Term. 


Number of 
inseminations. 


Per 

Condition of menstrual 

Patient. Age. husband’s semen. cycle. Total. 

1 28 Azoospermia 1 1 

2 39 Azoospermia 1 1 

3* 31 Aspermia 2 10 

4* 32 Aspermia 2 4 

5 30 Azoospermia 2 6 

6 28 Azoospermia 3 9 


* The same patient - , impregnations performed IS months apart. 


Report of Cases. The author has had the privilege of attempting 
heterologous artificial impregnation in 6 barren women whose hus- 
bands were absolutely sterile (Table 1). Five of the 6 women 
became pregnant and delivered healthy offspring. One of the 5 
was successfully impregnated twice. The. number of inseminations 
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ft* tb( ; se 5 " r ° m . en before Pregnancy occurred varied from 1 
to 10 liable 1). The infants delivered, now ranging in age from 
Z years to 6 months , are norma] in every respect. The remaining 
patient is still undergoing repeated inseminations and, although 
4 pairs of inseminations have been unsuccessful, one may not yet 
classify this as a failure. " " ~ 

. Summary. 1. The legal and moral aspects of artificial impregna- 
tion, though not yet clearly defined, are discussed. 

_ 2. The history, indications, and technique of artificial impregna- 
tion are briefly stated. It is shown that the procedure may be easily 
accomplished if certain rules concerning the selection of the semen 
and of the potentially fertile wife are followed.' 

3. Six successful instances of artificial impregnation are herein 
recorded. 
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OBSERVATIONS ON THE ORAL ADMINISTRATION OF BAG- 
WEED OIL IN PATIENTS HYPERSENSITIVE TO 
RAGWEED OIL, 

By J. M. Sheldon, M.D., 

ASSISTANT PROFESSOR OF INTERNAL MED WISE, ANN ARBOR, MICH. 

AND 

F. Blujienthal, M.D., 

VISITING DERMATOLOGIST, ELOISE HOSPITAL, ELOISE, MICH. 

(From the Departments of Internal Medicine and Dermatology, University 
Michigan Medical School.) 

It lias been observed for some time that ether-soluble fractions of 
various plants were relatively common causes of contact dermatitis. 
The type -of plants causing eruptions have been well recognized in 
the different geographical areas of this country. The specific man- 
agement of patients manifesting plant oil dermatitis has not been 
adequately approached. For this reason further recorded observa- 
tions in desensitization to plant oils seem justified. _ 

Contact dermatitis treated by specific desensitization is regarded 
with great skepticism. This view would appear to be based upon 
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few observations. Jadassohn 4 described a case of desensitization 
in mercury idiosyncrasy, Riehl 7 in arsphenamine dermatitis; 
Urbach 10 in resorcin and in arsphenamine dermatitis, and Richter 6 
in contact dermatitis of various origin. Blumenthal and Jaffe 1 , in a 
sizable group of contact dermatitis cases, found desensitization 
unsuccessful except for the oil group. In one patient with multiple 
plant oil sensitivities these authors found a highly specific desensi- 
tization to an oil of lavender. 

There is general agreement that contact dermatitis due to oils 
is the type that offers the best chance for specific desensitization. 
In this country, Caulfeild, 3 Seyler, 8 Shelmire, 9 and many others 
have published favorable results with specific desensitization to 
plant oils. On the other hand, Brunsting and Williams 2 express a 
negative view about the therapeutic value of desensitization, espe- 
cially in ragweed oil dermatitis. 

For the mo§t part, plant oil 10 desensitization has been attempted 
by hypoderitiic injection or by external application. Dunkan and 
Dakins, however, are among the few who have tried oil by mouth. 
These authors recommended chewing the leaves of Rhus and 
swallowing the juices. Perutz 5 gave turpentine by mouth. Ac- 
cording to American Indian folk lore, the early tribes had the habit 
of chewing the green leaves of plants belonging to the Rhus Toxi- 
codendrum group as a means of preventing summer skin eruptions. 
The literature would infer that this procedure gave good protection 
to the tribesmen but often resulted in a temporary acute skin 
eruption and a temporary general debilitation. 

Our observations were made in a group of 16 patients, all of whom 
manifested a typical contact dermatitis. In these cases we tried 
specific desensitization for the purpose of clearing the individual 
eruptions and to protect the patient against further attacks. For 
the most part we dealt with an isolated farmer population. Since 
under these circumstances regular treatment by hypodermic inocu- 
lation proved to be a difficult procedure, we gave the oil by mouth. 

The essential details of occupation, patch test results, duration of 
the eruption, and season of the disease are detailed in Table 1. 
All of the cases manifested their eruption on the exposed surfaces; 
in Cases 2, 3 and 5, in addition to the exposed surface, the eruption 
occurred over both legs from the knees to the ankle, explainable on 
the basis of contact by walking in hay and fields containing the rag- 
weed plant. Fifteen of the 16 patients had seasonal exacerbations 
of their eruptions occurring at the time of good development of the 
ragweed plant and during the season of ragweed pollination. Three 
of the patients had their eruptions throughout the year but they 
were always worse from mid -August through September, explainable 
on the basis of constant contact with hay which contained ragweed 
plants. All of the patients gave a 4-f- positive patch test reaction 
to oil of ragweed in dilution of 1 to 1000 or higher dilution after 
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24-liours exposure. Positive patch tests occurred to other chemical 
substances but the clinical picture and history in every instance 
would exclude other substances as being of practical clinical im- 
portance. 


Table 1 Clinical Data in 14 Cases of Ragweed Oil Dermatitis 


Case 

no 

Name 

Age 

Onset 

Season 

Site 

Occupation 

Treatment 

ragweed 

01 ) 

Patch 

test 

Results 

i 

i 


42 

Chiefl} Aug- 
Sept 

Exposed 

surfaces 

Farmer and 
mechanic 

Igtt D 
1/200 

4+ 

1/1000 

Complete relief 

3 jear 

2 

H M 

GO 

57 

Late Aug 

Exposed 

surfaces 

Caretaker 
on farm 

1 gtt D 
l/oOO 

4-f- 

1/200 

Summer relief 
1936-1937 

a 

H J 

SS 

55 

Start June, 
ear}) Sept 

Exposed 

surfaces 

Mechanic, 

gardner 

Up to 5 gtt 
d moo 

4 + 

Unsatisfactoo 

4 

L G 

45 

36 

Late Aug. to 
Nor 

Exposed 

surfaces 

Truck driver 

2 gtt TD 

4+'> 

linsatisfactorj 

S 

J A 

55 

50 

Mid-summer 

raid-winter 

Shoetops 
to knees 

Farmer 

5 gtt D 
1/100 

4+ 

Fair 

6 

C W 

51 


Entire 3 ear 
worse m 

summer 

Shoetops 
to knees 

Farmer 

Igtt D 
1/10,000 

Alfalfa oil 
,+ 

Fair 

7 

C H 

73 

1 60 

i 

Entire j ear 
worse in 
summer j 

Exposed 

surfaces 

Fanner 

Igtt O 
1/10,000 

i 4-p 

1/10,000 

Complete relief 
2>eara 

S 

L M 

23 



Exposed 

surfaces 

Uncmpfa} ed 

Igtt D 
1/100,000 

4-f- 

1/100,000 

Complete relief 
3>ear$ 



54 

48 

Aug to Not J 

Expo'ed 

surfaces 

Farmer 

I gtt D 
1/100,000 

4-f 

1/1,000,000 

One season good 

10 

W G 

41 

37 

Entire sum- 
mer 

Expo c ed 

surfaces 

Lives m 
field 

1 gtt D 
1/400 

4 + 

1/1000 

One season com- 
plete relief 

11 

} H 

S3 

51 

-Vug to Sept 

Exposed 

surfaces 

Factor 

Igtt D 
1/10,000 

4-r 

1/10,000 

Four 3 ears satis- 
factory relief 



46 

44 

Julj to Nov 

Exposed 

surfaces 

Fanner 

Igtt D 
1/20,000 

1 

One season com 
plete relief 

13 

■ 

65 

58 

Juh to Aug , 
mild all 3 ear 

Exposed 

surface* 

Farmer 

Igtt D 

1/200 

4+ l 
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Preparation of Materials. The ether soluble residue of the rap eed 
plant used for diagnostic and therapeutic purposes in this st^d.v v> as 
prepared in the following manner: Fresh, healthy giant and dwar 
ragweed plants were collected in early September. The plant vas 
allov-ed to dry and the stems and leaves were then ground to ape 
ponder, an excess of commercial ether ^as added and placed in a 
tiVhtlv stoppered bottle. This mixture was alloyed to extract at 
room 'temperature for the next 4S hours. The ether y as allowed to 
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evaporate. Tlie residue was warmed and diluted in serial dilutions 
of ten, with warm olive oil. 

Method of Treatment. All of the patients were patch-tested with 
oil of ragweed in olive oil in dilutions 1 to 100, 1000, 10,000, 100,000, 
1,000,000. Treatment was begun with the drop of a dilution which 
gave a faintly positive 24-hour patch-test reaction. The oil was 
dropped on a teaspoonful of sugar by a non-ragweed oil sensitive 
person and taken by the patient each morning before breakfast. 
The chart further lists the doses of ragweed oil, the duration of 
treatment and the results obtained. Emphasis is placed upon the 
variability of the dosage. This has depended upon the degree of 
skin hypersensitiveness of the individual patient to ragweed oil. 

Discussion. We Avish to emphasize that the dosage of ragweed oil 
administration depends upon the patch-test reaction. It is recom- 
mended that all patients start with one drop of a strength solution 
Avhich gives the faintest possible positive 24-hour patch-test reac- 
tion. In Cases 1, 2, and 3, administration of 1 drop of ragweed oil 
in 99 parts of olive oil on 2 successive mornings produced a gen- 
eralized eruption characteristically similar to the eruption of exter- 
nal application of the oil. Repeating the same dosage following 
complete clearing of the eruption resulted in a second exacerbation 
in all 3 of the patients. They Avere, however, able to tolerate a 
dosage of 1 drop of 1 to 10,000 dilution Avhich gave them complete 
protection from their usual daily exposure. 

The fact that all of our patients gave a good positive patch-test 
reaction to oil of ragweed pollen makes it understandable why our 
patients have their eruption only during the pollen season or are 
Avorse during the period of pollination of the ragweed plant. 

By repeated quantitative patch testing Ave have observed a 
reduction in the quantitative patch-test reaction in Cases 1 and 2. 
Before treatment, they reacted positively in dilutions 1 to 100,000, 
and after 2 years of continuous treatment they reacted only in 
dilutions of 1 to 1,000 in Case 1, and 1 to 200 in Case 2. In 5 others 
(Cases 3, 5, 6, 7, 10) there has not been a quantitative reduction in 
the patch test but in spite of this fact they are symptom-free. 

Twelve of the 16 ragweed oil sensitive patients have been satis- 
factorily controlled with oral desensitization to ragweed oil. Two 
of the failures haA^e not followed treatment sufficiently to justify 
an evaluation of therapy. We are unable satisfactorily to explain 
the failure in the other 2 patients. 

Patients 3 and 4 were treated while they were in an exacerbation 
(September) with no appreciable benefit, suggesting that long con- 
tinued treatment is necessary for a good therapeutic result. 

Conclusions. 1. Sixteen patients AA*ith contact dermatitis due to 
hypersensitiveness to oil of ragweed were treated by oral administra- 
tion of ragAveed oil; 12 experienced satisfaetorv results. 

2. It AA'ould appear that actual desensitization can be accom- 
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plished in plant oil contact dermatitis by oral administration of the 
specific oil. 

3. Oral administration of oil of ragweed in greater than tolerance 
dose results in a generalized eruption of the contact type. Involve- 
ment, however, is maximum at the site of the previously involved 
areas. 

4. Oral treatment with ragweed oil must be daily and continuous 
over long periods of time. 

5. Oral desensitization to ragweed oil is recommended when there 
is. a long intervening period before the expected time of contact 
with the plant or its pollen. 

6. The therapeutic dose and overdose of ragweed oil are in close 
proximity. The estimated therapeutic dose, therefore, can best be 
determined by quantitative patch tests. 
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CLINICAL INVESTIGATIONS WITH CURARE IN ORGANIC 
NEUROLOGIC DISORDERS.* 


By A. E. Bennett, M.D., 

OMAHA, NEBR. 


(From the Neurologic Departments of the University of Nebraska, College of Medi- 
cine, Bishop Clarkson Memorial Hospital, Omaha, and the Nebraska 
State Orthopedic Hospital, Lincoln.) 


Curare, known to South American Indians for generations, has 
been known to medical science for only about 100 years. Since 
time immemorial, the native Indians have used small amounts of 
gum curare upon arrow tips to paralyze game in hunting. Gen- 
eralized muscular paralysis and respiratory death occur within a 
few minutes after injection of curare into the animal. The secrets 
of curare preparation have been carefully guarded and much 
“black magic” obscures its manufacture. 

Now and then small amounts of the crude drug have been brought 
back to civilization since the time of Raleigh. In 1815, TV atterton 
and Brodie demonstrated asphyxia to be the cause of death. 
Baussingault and Roulin in 1824, extracted the alkaloid eurarm. 
In 1844, Scliomburgh named the plant group Sirychnos (ox if mi. 


* Read before the Central Society for Clinical Research, Chicago, November 
1940 Presented in Scientific Exhibit of the American Medical Association, June 
10-14 1940, New York, awarded Certificate of Merit, Group I. 
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In 1844, Claude Bernard first described the physiologic action of the 
drug upon the neuromuscular junction and confirmed asphyxia as 
the cause of death. Others contributing to our knowledge are 
Preyer, who, in 1864, isolated curarin in crystalline form; Pelouse 
and Lapique, who reported -physiologic observations confirming the 
pure myoneural action of the drug. 

Jousset, Demine and Busch in 1867, first attempted to apply the 
drug to clinical medical therapy. They treated convulsive states, 
epilepsy, rabies, chorea, strychnine poisoning, and various tics. 
Hoffman (1879), Hoch (1894), and Cash (1901), also experimented 
with curare. Tsocanakis, in 1924, tried curare in spastic paralysis. 
Bremer 3 , in 1929, proved that the drug exhibited a selective action 
in reduction of local tetanus and decerebrate rigidity'-. West 7 
(1931-35) and Cole (1934) reported partial results in the relief of 
tetanus convulsions, rigidhy of Parkinsonism causalgia, and spastic 
paraplegia. , Burman 4 (1938-39) reported extensively upon its re- 
laxing effect) in spastic, athetoid, and dystonic states of muscular 
rigidity and tremor. 

A great drawback to experimental and clinical investigation of the 
drug has been the fact that no gourd or tube of crude curare made by 
one witch doctor would duplicate the ingredients of another, to- 
gether with inaccurate information from native curare makers. 
Also, different curare plants from various areas give varying toxic 
action. Other lethal substances such as venom were added from 
time to time; these contaminants have snarled chemical and physio- 
logic research. On the whole, pharmacologic literature gives the 
impression that the drug is highly toxic and dangerous, not applica- 
able to clinical medicine. Furthermore, until recently, no large 
quantities of authenticated curare have been available at any one 
time for experimental research. 

In 1934 Mr. Richard C. Gill 5 , after exhaustive studies and pro- 
longed contact with South American Indians, was able to learn the 
actual botanical ingredients and the secrets of manufacture. In 
1938, he brought back to this country the largest amount of authen- 
tic and field-tested curare ever gathered and carried back to the 
civilized world. In addition, he returned with a large amount of 
unauthenticated curare, that is, curare from regions he had not 
personally visited. This supply was turned over to the E. R. Squibb 
and Sons’ research department. 

Standardization of the Drug. After considerable independent 
experimentation by Dr. A. R. McIntyre, Professor of Pharmacology 
at the University of Nebraska, and by Mr. H. A. Iloladay, head of 
the biologic development and control division of Squibb and Sons’* 
biologic laboratories, the technique of standardization, at first 
difficult, has been simplified. Biologic methods of assay are neces- 

* I am indebted to E. R. Squibb & Sons and Dr. Sidney Newcomer for furnish- 
ing standardized curare (Intocostrin) in these experiments. 
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sary with each new batch of the drug. The curare itself is extraor- 
dinarily stable, not destroyed by autociaving. Assa 3 >' by a variety 
of methods gives a result so precise that recheck reveals an error 
within the limit of 1 %. 

Methods of Assay. Curare-acetylcholine antagonism upon a frog 
gastrocnemius preparation has been applied in the study of methods 
of purification and in dilution control. A frog gastrocnemius prep- 
aration is made which, with addition of acetylcholine, produces an 
isometric type of contraction which furnishes a reference height for 
comparisons with a decreased height contraction obtained through 
the inhibiting effect of the curare solution. The method is applicable 
only when controlled by a reference standard qualitatively identical 
with the test material. 

Another method of assay is tire head-drop method in the rabbit, 
developed by Holaday. The curare solution is injected slowly into 
the ear vein of the rabbit and the dose adjusted so that the neck 
muscles after 2 k to 3 minutes reach a degree of flaecidity which just 
prevents the animal from raising the head and keeps the chin down. 
This end point is very clear cut and a typical curare effect occurs 
exactly as seen in the human after injection of a curarizing dose. 
The amount per kilogram necessary to produce this effect in the 
rabbit is estimated and the dosage is figured according to body 
weight of the patient. 

Physiologic Action of Curare. Action of pure curare is upon the 
neuromuscular mechanism. In certain impure preparations, another 
action is seen, ascribed by Burman to curarin. This side-effect is a 
histamine-like action producing sudden fall in blood pressure, 
bronchial spasm, facial pallor, erythema, and urticaria, which is 
relieved by epinephrine. These preparations we have not employed 
clinically but are investigating them further. We believe them 
unsafe for clinical use. 

The action of curare is upon the net-like structure of fine nerve 
fibers at the terminus, called the motor end plate. It is here that, 
acetylcholine, the chemical mediator or regulator of chronaxie of 
nerve impulses to voluntary muscle, acts. Curare prevents acetyl- 
choline from acting on the nerve muscle junction and inhibits its 
action, thus producing a paresis of muscle. Curare poisoning 
(curarization) thus prevents the transmission of natural nerve im- 
pulses from motor nerves to the muscles. This peripheral motor 
flaccid paralysis affects, in general, the nerve endings of all striated 
or voluntary musculature, but selectively affects, first, the fine fast 
moving muscles of high chronaxie, such as short muscles of the eyes 
and throat; later, the larger, slower moving muscles of head, neck, 
extremities, intercostals, and diaphragm. 

The circulation is relatively unaffected and sensory nerves are not 
affected. While reflexes may be somewhat diminished they are not 
abolished. Death occurs from asphyxia due to respiratory paralysis. 



BENNETT: CURARE IN ORGANIC NEUROLOGIC DISORDERS 105 


The so-called lethal point of the drug is questionable because large 
doses are tolerated if respiration can be continued. The drug is 
quick acting and very rapidly eliminated. The rapidity of absorp- 
tion has much to do with lethality. Small amounts of the drug 
injected rapidly are toxic and produce cardiac failure in animals 
while large amounts may be given slowly without toxic symptoms. 
Fifty times the lethal dose has been given to dogs by Dr. A. R. 
McIntyre without fatality by keeping up artificial respiration. 

The physiologic effects are noted immediately at the end of an 
intravenous injection given over a period of 1 to 2 minutes. In 
about 2 more minutes the peak of curarization is reached, whereupon 
the effect slowly recedes and seems to vanish in 15 to 20 minutes. 
The same effect occurs in from 15 to 30 minutes after intramuscular 
injection. Physiologic symptoms are seen in the following sequences : 
The patient first complains of haziness or fuzziness of vision. Next, 
bilateral ptosis appears with slight nystagmoid movements, relaxa- 
tion of the face and heaviness, with relaxation of the tongue and 
jaws. The patient at this point complains of tightness of the throat 
and huskiness of the voice. Generalized heaviness and weakness 
of the neck muscles with inability to raise the head are followed by 
weakness to complete paresis of the spinal muscles, legs and arms. 
Last, appears shallowness of respiration from weakness of the inter- 
costals and the diaphragm. 

These symptoms follow the same order as the progressive symp- 
toms of a patient with myasthenia gravis; double ptosis and nasal 
smile also simulate those of the myasthenic. Excess saliva may 
accumulate in the throat and the patient complain of difficulty in 
breathing, but this occurrence is counteracted considerably if the 
relaxed jaws and tongue are held forward. Injections of epinephrine, 
prostigmin, or metrazol all seem to counteract quickly the action 
of curare. Burman believes that a sustained, clinically relaxing 
effect upon hyperkinetic or spastic muscles remains for a long period 
of time after the toxic deacetylcholinizing effect of curare has disap- 
peared. We have not yet been convinced of any such prolonged 
action from curare. In fact, its usefulness is hindered by this tem- 
porary effect in spastic states. The only evidence we have for a 
possible prolonged action is the fact that a second intravenous injec- 
tion in animals, if administered within 1 to 5 hours after an initial 
dose, will be more effective (depending upon the time interval), 
so that less curare is required to cause paralysis. In giving a 
second intravenous injection to patients after complete curariza- 
tion seems to have disappeared, we have also noted it takes a lesser 
amount of curare to produce paralysis. The observation indicates 
that there is considerable prolongation of effect or retention of 
active alkaloid. 

There are a number of drugs known to have a curare-like action : 
Quinine methochloride, erythroidine hydrochloride, ammonium 
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bases, amides and amines, choline, muscarin, snake venoms, methvl 
strychnine, aromatic series, pyridin, quinolin, thailin, nicotine series, 
pipendm, putrefactive ptomains, and products of muscular metab- 
olism. References to the action of these drugs can be found in 
pharmacologic literature. One will be discussed later in this paper. 

After extensive experience with curare, I 1 developed a method of 
preliminary eurarization of the patient prior to metrazol convulsive 
shock therapy which has completely removed all traumatic hazards 
of that treatment. The technique of this therapy has been described 
elsewhere. 

Some clinical neurologic disorders resemble curare poisoning. 
Botulism, the food poisoning from improperly sterilized canned 
foods, produces a peripheral motor paralysis with respiratory failure 
resembling eurarization. Acute ascending Landry’s paralysis, often 
erroneously called acute poliomyelitis, is in reality an obscure toxic 
condition with an almost pure peripheral motor paralysis progressing 
until all voluntary musculature is involved, ending in respiratory 
paralysis and death from asphyxia. Myasthenia gravis, as noted 
earlier, in the progression of symptoms with its characteristic rapid 
fatigue of muscle from faulty function of the neuromuscular junction 
due to loss of acetylcholine, resembles mild curare poisoning. Both 
curare poisoning and myasthenia symptoms are immediately 
relieved by prostigmin. 

Clinical Application of the Drug. The use of curare in clinical 
medicine must still be regarded as experimental. A large amount of 
investigative pharmacologic research and clinical experimentation 
must be carried out before curare can find a useful place in medical 
therapeutics. Yet, there is a tremendous potential usefulness for a 
safe drug with a curare-like action. The results from curare therapy 
up to the present have been inconclusive, owing to the fact that' 
adequate supplies of standardized material have been almost im- 
possible to obtain. This problem has now been overcome and the 
drug has proved to be indispensable in preventing complications of 
convulsive shock therapy. 

In the field of neurology curare may find its greatest usefulness. 
West has reported interesting results with curare in the treatment of 
tetanus. In lockjaw, the violent muscular contractions become 
almost constant tetanic convulsions, finally exhausting the patient 
and ending in death. The recognized but not too effectual treat- 
ment is tetanus antitoxin. Greatly needed, is a method of con- 
tinuously relaxing the muscular spasms until the patient can de- 
velop an immunity against the toxin of tetanus bacilli. Curare, 
theoretically, offers such hope of preventing exhaustion, by relaxing 
the muscular spasms and producing a generalized penphera mus- 


cular paresis. 

The drug may also prove useful m 
states such as strychnine poisoning, 


controlling other convulsive 
eclampsia hydrophobia, and 
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status epilepticus. It should be possible to suppress these spasmodic 
disorders by sustained “physiologic” doses of curare. In well 
chosen cases a slow acting curare would be life saving as continued 
convulsions heighten fatigue. Even near-lethal doses might be ad- 
ministered with the aid of artificial respiration by means of a 
respirator. Certainly, experimentation with curare is worthy of 
trial in any convulsive disorder that is endangering life. 

A most promising field for a curare-like drug is in the so-called 
spastic paralytic states. Infantile cerebral palsies, spastic paralysis, 
or Little's disease, usually the result of birth accidents, are responsi- 
ble for one of the largest groups of cripples. No medical treatment 
has been previously known for these disorders. Orthopedic treat- 
ment, surgery, and physiotherapy for muscle training have been all 
that could be offered. Curare releases the spasm and muscle 
rigidity and involuntary tremor and spasms disappear through 
relaxation. While these effects are not curative, the transient 
relaxing effect enables the paralytic patient to talk better, use the 
hands for finer movements such as feeding, writing, and so on, and 
permits relaxation of the limbs. Such added benefit enables the 
orthopedic surgeon to use braces more effectively and to carry out 
necessary surgery of fixed deformities. The problem is to get a 
drug with a prolonged action. At present curare action is too fleet- 
ing; a slow sustained effect is essential. After obtaining the drug 
effect, there is still the problem of muscle reeducation through 
physiotherapy exercise to learn new control of formerly helpless 
muscles. The child is able to gain faster as a result of the relaxing 
effect of curare. Much investigative research is necessary before 
this treatment can be successfully applied. 

There are a number of other organic neurologic diseases char- 
acterized by rigidity of muscles and involuntary spasms and tremors 
from involvement of lower motor centers of the brain s in the basal 
ganglia or striate system. Some of these are paralysis agitans, 
athetoid disorders, dystonia musculorum deformans, lenticular 
degeneration, multiple sclerosis, postencephalitic Parkisonism and 
oculogyric crises, Huntington’s chorea, spasmodic torticollis, and 
hemiballismus. These are all disabling conditions and notoriously 
resistant to treatment. Small doses of curare cause a diminution 
in the hypertonia, tremor, and involuntary motility of these disorders, 
thus giving the patient marked temporary relief. Even though its 
.use is not curative, it would enable the patient to live a life of com- 
parative comfort. Here again, a slow-acting, sustained effect is 
necessary if the drug is to become a useful therapeutic aid. 

Personal Experiences. 1. Spastic paralysis. A group of 12 severe 
cases of spastic paralysis were given curare injections every other 
day, 10 mg. per 20 pounds of body weight, for a period of 3 to S 
months. Each child was accepted for treatment from a large num- 
ber of spastic cases because of some unusual or different symptom. 
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E'glit; of these children were under constant supervision at the 
JNebraska Orthopedic Hospital. Orthopedic procedures and physio- 
therapy were carried out at the same time. The following cases are 
examples of the results obtained : 

Case Reports. Case 1.— E. B., aged 9, was the first child subjected to 
treatment because of the seventy of the condition— a marked spastic 
tetraplegia with severe contractures of all extremities; incoordination and 
(fysarthna w ere present. An attempt to release the contractures by casts 
had resulted in severe pressure ulcers and violent exhausting spasmodic 
contractions. All surgical attempts were unsuccessful; sedative drugs were 
likewise ineffectual. Curare therapy carried out over an 8-month period 
produced a marked improvement, enabling the patient to tolerate plaster 
casts and extension procedures to overcome fixed deformities. 

Case 2.— R. M., aged 12, with severe spastic tetraplegia and marked 
athetosis and dysarthria, was unable to stand or feed herself. Curare treat- 
ment was directed toward improving the athetosis. This child was on 
treatment for 5 months. Slow but constant progress resulted in the child’s 
becoming able to walk and feed herself. More rapid gain from physio- 
therapy was seen as a result of curare. 

Case 3.— E. P., aged IS, had a severe spastic tetraplegia with marked 
involvement of the upper extremities, pronation contractures, athetosis, 
and dysarthria. Curare treatment was directed toward improving function 
of the arms and speech function. A 4-month treatment was carried out, 
but only transient, temporary improvement was noted in speech function 
and lessening of the athetosis. 

Case 4.— A. P., aged 8, had severe spastic tetraplegia with contractures 
of all extremities, athetosis, dysarthria ; he was unable to sit alone. Curare 
treatment directed toward relaxing spastic contractures and incoordination 
of the arms was carried out for 3 months. While a transient, temporary 
relaxing effect was noted no permanent gain occurred. 

Case o.—B. F., aged 7, had spastic tetraplegia with marked incoordina- 
tion, dysarthria, and spastic contractures. Curare treatment, directed 
toward improving coordination and relaxing spasticity, was given over a 

3- month period. The result was a slow, but sustained improvement, hardly 
attributable to curare since its effect was too transient. 

Case 6.—B. L., aged 16, had spastic tetraplegia with dysarthria, spas- 
modic torticollis, athetosis, and spastic contractures. Curare treatment, 
directed toward spasmodic torticollis and athetosis, was given oyer a 

4- month period. The result was temporary improvement after each injec- 
tion, but again the curare effect was too transient and fleeting. 

Case 7.— R. L., aged 12, had spastic tetraplegia with dysarthria, facial 
grimacing, mental retardation, and inability to hold up the head. Curare 
treatment directed toward the speech defect and grimacing was given over a 
period of 1 month, but was discontinued because of the hopeless prognosis. 

1. Comment on the Entire Group. Curare produces a definitely but 
transient, relaxing effect upon spasticity without fixed deformity. 

It reduces incoordination, athetosis, and dysarthria. Favorable 
progress occurred in the majority of the patients while under curare 
therapy. The treatment is not dangerous and there are no toxic 

rcn ct ion s • 

A sustained curarization would be a valuable aid in the treatment 
of spastic paralysis and extra pyramidal rigidity states. 

Five adult patients with spastic paraplegia caused by such diseases 
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as transverse myelitis and advanced multiple sclerosis have been 
given curare treatment. The drug will temporarily relax these 
spastic contractures but its effect is transient. It does, however, 
give patients relief from painful spasm and for this purpose alone 
can be recommended. 

2. Status Epilepticus. We have had opportunity to study the 
effect of curare upon one case of status epilepticus. In a child with 
an obscure infection there developed toxic encephalitic symptoms 
with hyperthermia, a syndrome of decerebrate rigidity, spasmodic 
myoclonus with grand mal seizures that occurred every few minutes. 
These seizures were uncontrolled by various sedative drugs and 
ether anesthesia over a 10-day period. At the time curare was given, 
the child was moribund. Continuous intravenous curare injection 
was kept up for 12 hours. During this period the patient was com- 
pletely relaxed and free of seizures and rigidity. The child died, 
apparently of cardiac failure, but necropsy examination was refused. 

3. Parkinsonian Syndrome and Paralysis Agitans. Six patients 
with both encephalitic Parkinsonism, oculogyric crises, and paralysis 
agitans have been given curarizing doses of curare. The rigidity 
relaxes, tremor and oculogyric crises disappear, but as the effects 
of the drug wear off in about 1 hour, the former rigidity and tremor 
return. During this period the patient is unable to carry out active 
movements and complains of weakness. We see no advantage from 
the relaxation under curare over that obtained from belladonna- 
derivative antispasmodic drugs which can be given by mouth. 

4. Huntington’s Chorea. I have never observed any relief of 
involuntary movements of hereditary chorea from previous drug 
therapy. To 1 patient in private practice and 3 patients in a state 
hospital, I have given repeated physiologic curare injections. The 
incoordinate movements cease while curarization is present and 
slowly return to their former state within a few hours. These 
patients express gratitude for the relaxation obtained and ask for 
repeated injections. Again the drawback is the fleeting action of 
the drug which requires repeated injections. We are now experi- 
menting with a synthetic drug with a curare-like action. 

5. Athetosis and Dystonia. Besides the spastic paralysis combined 
with athetosis we have had the opportunity of studying the effect 
of curare upon adult athetotic, dystonic patients and upon post- 
encephalitic dystonic states. They relax temporarily for about 1 
hour, after a curare injection. A patient had suffered from pro- 
gressive, painful flexor spasms with athetosis and contracture of the 
right hand and foot for over- 10 years. The etiologic factor was 
head trauma. Enceplialographic Roentgen ray studies revealed 
atrophy of the basal ganglia, particularly on the left. All types of 
antispasmodic drugs and sedation had been ineffectual in relaxing 
the spasm or relieving athetosis. After a physiologic injection of 
curare, all evidence of contractural spasm and athetosis would dis- 



110 BENNETT: CURARE IN ORGANIC NEUROLOGIC DISORDERS 

appear and for several hours the patient would be free from pain. 
The effect, however, was fleeting and finally a premotor cortical 
resection was performed with permanent relief of the disorder. 

6. Hemiballismas. (Syndrome of Corpus Luys.) We have 
recently had the opportunity of observing the effect of curare upon 
severe hemiballistic movements. A diabetic patient with evidence 
of generalized arteriosclerosis gradually developed severe chorea-like 
rolling, incoordinate movements of the left arm. These gradually 
spread, involving the left leg, trunk and face. After about 2 weeks 
of almost constant motion, the patient was admitted for hospital 
observation. The movements were not relieved by large doses of 
stramonium; under barbiturates the patient was able to obtain a 
few hours of sleep. After intravenous injection of aqueous curare, 
10 mg. per 20 pounds of weight, complete relief from the movements 
was obtained for several hours. After intramuscular injection of 
concentrated curare, 20 mg. per cubic centimeters, the patient 
would fall asleep and obtain a full night’s sleep. While these ob- 
servations were being made, a pulmonary embolus suddenly de- 
veloped and the patient died. Necropsy showed a thrombotic 
softening of the right globus pallidus and a small lesion of the right 
corpus Luys. 

7. Tetamis. We have had opportunity to observe curare action 
in but 2 cases of tetanus. Both were moribund patients before 
curare therapy was attempted. In each instance, however, we have 
been able to produce relaxation of the continuous tetanic convulsion 
as long as curarization was continued. We believe it possible to 
perfect a continuous curarization technique that will prove to be 
extremely valuable in controlling convulsions of this disease. We 
believe that curare therapy offers more possibilities than sedative 
therapy in controlling tetanic convulsions. 

Synthetic Curare. The collection and preparation of curare is a 
difficult task requiring expeditions by an expert explorer into South 
American jungles to procure adequate amounts of the potent non- 
toxic drug. We have, therefore, endeavored to find a drug with a 
curare-like action that would safely replace crude curare. Drugs 
having a curare-like action have been mentioned. 

Quinine has been known for sometime to have a curariform action 
as shown by its relaxing effect upon myotonia congenita and dystonia 
musculorum deformans. It also aggravates the symptoms of 
myasthenia gravis. The commercially available quinine salts have 
a very weak curare-like action. 

King 6 has shown that in curare there are certain tertiary am- 
monium bases. It has been known that quaternary ammonium 
compounds formed by the addition of alkyl radical to the nitrogen 
atom of the quinoline ring have a curare-like action. Kmg pre- 
pared a svnthetie compound called quinine methochlonde formed 
by the addition of the methyl group to the qumuchdme nucleus of 
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the quinine molecule. Harvey 5 has shown that this drug has a 
strong curare-like action when administered either orally or 
parenterally. 

Through the courtesy of E. R. Squibb and Sons research depart- 
ment, we were furnished with quinine methochloride for experi- 
mentation. An aqueous solution was prepared containing 20 mg. 
per cubic centimeter. Dr. A. R. McIntyre has compared in animals 
the reaction of quinine methochloride given intravenously with that 
of curare. He found with the former a curare-like action but not a 
pure curare effect as reported by Harvey. In the dog, the effect 
of quinine compared with that of curare is a rather marked drop in 
blood pressure with diminished respiration before complete cessation 
of nerve muscle contraction occurs; whereas the pure curare effect 
shows complete curarization of. muscle or blocking of nerve impulses 
without any demonstrable drop in blood pressure or marked change 
in respiration. However, a definite transient paresis of muscles is 
produced, very similar to the action of curare, and in the patient is 
indistinguishable from curarization. 

We have reported elsewhere 2 that the flaccid paresis following 
intravenous injection of quinine methochloride, 8 to 10 mg. per kilo, 
is sufficient to protect the patient from fractures in metrazol con- 
vulsions. In spastic paralysis we are able to obtain a complete 
curariform action after intravenous injection of 10 to 15 mg. per 
kilo of body weight. This curare effect wears off in from 10 to 15 
minutes or can be completely counteracted by an intravenous 
injection of 1 to 2 cc. of prostigmin. A curarization effect can be 
produced by oral administration with about 8 times the intravenous 
dosage. 

In 8 cases of spastic athetoid paralytic states and 1 case of Hunt- 
ington’s chorea, marked relaxation of rigidity and abolition of 
involuntary movements resulted from oral administration of 3 to 
4 gm. (45 to 60 gr.) of quinine methochloride daily. The patients 
experienced marked subjective relief and definite objective improve- 
ment occurred while the patients were taking the drug. While 
these observations are based upon a very few cases, we believe that 
they are sufficient to conclude that this drug has possibilities for 
useful application to hyperkinetic and spastic neurologic disorders. 

Summary. 1. Curare has successfully been applied to clinical 
neurologic therapy. 

2. Its use as a preventive of traumatic complications in metrazol 
convulsive shock therapy has been proved. 

3. Experiments with curare suggest an etiologic factor in botulism, 
ascending Landry’s paralysis, and myasthenia gravis. 

4. In spastic paralysis, athetoid and dystonic states, Parkin- 
sonism, hereditary chorea, spasmodic torticollis, status epilepticus, 
tetanus and hemiballismus, curare produces a marked relaxation 
of rigidity and abolition of involuntary movements. Its action is 
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transient and fleeting, but continued experimentation should evolve 
a sustained action that will be therapeutically valuable. 

5. A synthetic drug, quinine methochloride, has a curare-like 
action that is effective by mouth. This drug offers great possibili- 
ties, not only as a replacement drug for metrazol convulsive shock 
therapy, but in clinical neurology to relax hyperkinetic, spasmodic, 
and spastic states. 
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Radiologic Physics. By Charles Weyl, S. Reid Warren, Jr., and 
D alley B. O’Neill, the Moore School X-Ray Laboratory, Moore School 
of Electrical Engineering, University of Pennsylvania. With a Fore- 
word by Eugene P. Pendergrass, M.D., Director of the Department 
of Radiology, University of Pennsjdvania. Pp. 459; 166 illustrations. 
Springfield, 111.: Charles C Thomas, 1941. Price, $5.50. 

This book is the result of extensive teaching experience obtained from 
courses given to graduate students and Roentgen ray technicians since 1930. 
As a result, the exposition is clear and comprehensive. From the funda- 
mentals of elementary electric and magnetic phenomena the reader is 
carried smoothly into anatyses of electric circuits and electronics. Next 
electromedical apparatus is briefly covered with an excellent outline of 
high-voltage generators for Roentgen ray equipment. Part 2 of the book 
begins with the theory of radiation, including both the wave and the quan- 
tum theories, and goes into the production of Roentgen rays and their 
interaction with matter. The chapter on radioactivity and nuclear physics 
is a considerable aid in understanding the contemporary theories and appli- 
cations of natural and artificial radioactivity. The remaining quarter of 
the body of the book is devoted to measurement, control and use of Roent- 
gen rays and gamma rays in therapy, roentgenography and fluoroscopy. 
The appendix covers the elements of algebra, trigonometry and calculus, 
together with a four place table of logarithms, a table of exponentials and 
a table of natural trigonometric functions. 

The subject material is well handled and there are many cross-references 
and excellent illustrations. There is an adequate bibliography at the end 
of each chapter. The book should be a great help to the student and 
Roentgen raj'' technician, and a good source book for the radiologist. 

G. H. • 


Age Morphology of Primary Tubercles. By Henry C. Sweany, 
M.D., Medical Director of Research, Municipal Tuberculosis Sanitarium, 
Chicago, and Research Associate, Department of Physiology, University 
of Chicago. Pp. 265; 73 plates and 26 charts. Springfield, 111.: Charles 
C Thomas, 1941. Price, S5.00. 

This book is of primary interest for pathologists but is of clinical impor- 
tance as well. The author has attempted to set up criteria through which 
the age of primary tubercles can be determined by pathologic examination. 
He has reached these criteria by tracing the microscopic changes in a large 
series of primary tubercles of approximately known age, the latter being 
determined on the basis of known exposure to open tuberculosis in early 
life. The changes as represented by development and regression of suc- 
cessive anatomic phases in the tubercle have been weighted in a chart 
that the author has devised for determining the age of primary tubercles 
of unknown history. 

Two chapters are of special concern for clinical medicine, viz., one on the 
age of tubercles found in a group of nurses and hospital attendants, the 
other on the age criteria of primary tubercles as revealed by roentgenog- 
raph}'. . In this day when much attention is devoted to the question of 
transmission of tuberculous infection in hospitals, and to the respective 
roles of exogenous and endogenous infection, the author’s effort to date 
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w ° de f t , uberC H 1 ? us lesions m the bod J r ^ timely. Unfortunate^' much 
Jess can be learned by roentgenography in life than by pathologic examina- 

fi'w at n nfl Cr< f? Sy ' P n i y ?- 0% , of P™ nar y lesions are visible in antemortem 
mms, and after calcification has become complete, a process consuming 
ordinarily 6 to 8 years, further changes that are conspicuous in microscopic 
sections cannot be detected by roentgenography. 

The author’s method of approach is logical and the conclusions impress 
the reader as sound. The book is well organized and the illustrations are 
numerous and excellent. The press work is commendable in every way 

E. L. * 


MacLeod’s Physiology in Modern Medicine. Edited by Philip Bard, 
Professor of Physiology, Johns Hopkins University School of Medicine, 
with 9 Collaborators. Pp. 1256; 3S7 illustrations. Ninth edition. St. 
Louis: The C. V. Mosby Company, 1941. Price, S10.00. 

Three years ago in its English edition, this standard textbook of physi- 
ology was completely revised, each section having been assigned to a special- 
ist- _ This highly successful arrangement has been continued in the present 
edition. Revision is again extensive, the sections on circulation, respira- 
tion, metabolism and nutrition having been entirely rewritten, and a 
chapter added on the bladder. The quality of paper has been improved. 
In general, the new edition is a considerable improvement in a book already 
excellent. M. McC. 


Green’s Manual of Pathology. Revised and Enlarged by H. W. C. 

Vines, M.A., M.D., Director of the Charing Cross Hospital Institute of 

Pathology. Pp. 1166; 701 illustrations. Sixteenth Edition. Baltimore: 

The Williams & Wilkins Company, 1940. Price, S8.50. 

By greatly enlarging the book, revising some sections and rewriting others, 
a practically new textbook of pathology has been produced. The con- 
ventional division into the two sections of general and special pathology 
has been preserved. The inclusion of the avitaminoses in the. chapter in 
general pathology on diseases of nutrition seems to the Reviewer most 
appropriate. 

Despite a certain unevenness, the book as a whole is well suited to the 
needs of the beginner in pathology. Its value in stimulating the student 
to enlarge his knowledge by outside reading is greatly diminished by the 
omission of all references to the literature. It is to be hoped that the next 
edition will include a bibliography and that certain errors in the present 
one will be corrected, such as “Evebejm” for “Elvehjem" (p. 108), “vita- 
mine” for “vitamin" (pp. 102-110) etc., and that a reference to the litera- 
ture will make it clear whether “Meakin” or “Menkin” is meant (p. 133) 
in connection with fibrin formation and the localization of inflammation. 
The illustrations are very numerous, but some could be omitted without 
great loss. ' • 


The Therapy of the Neuroses and Pstchoses. A Socio-Psycho-Bio- 
logic Analysis and Resjmthesis. By Samuel Henry Kraines, M.D., 
Associate in Psychiatry, University of Illinois, College of Medicine; 
Assistant State Alienist, State of Illinois, etc. Pp. ol2; 3 figures. Phila- 
delphia: Lea & Pebiger, 1941. Price, $5.50. _ . 

This book, written by a psychiatrist for those not specializing in psy- 
chiatry goes a long way in practical guidance. Most of the space 
devoted to the analysis of neurotic symptoms and to the treatment o 
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neurotic patients. Neurotic symptoms are divided into those expressing 
tension and those used as symbols, a very helpful and clear way of present- 
ing what are widely considered as meaningless phenomena. The reality of 
these symptoms is made more evident by the excellent passage showing the 
role of the autonomic nervous system in the production of tension symp- 
toms. This discussion leads naturally into a simple, well documented, and 
specific treatment of psychosomatic isorders. 

The suggestions given for therapy, while not of a very profound nature, 
are quite sound and practicable. There is an abundance of illustrative 
case material presented. The author has the happy faculty of presenting 
the best in psychobiology in a clear and simple way that will do much to 
take the mystery out of psychiatric practice. 

The small amount of space given to the psychoses seems justified for the 
reason that by and large those not practising psychiatry will not have 
psychotic patients under their care. Manic-depressive psychoses are cate- 
gorically called “physiologic illnesses.” Convulsive therapy is highly 
recommended for the treatment of depressed patients, especially those in 
the involutional period. In regard to the insulin therapy of schizophrenia, 
the highly controversial statement is made that “the principle of this form 
of treatment is to produce some 15 to 25 insulin comas in the patient. 
This number is generally sufficient to cure most patients.” 

There are several other opinions about which the reader should be 
warned because they are stated as facts. “Cures are not more commonly 
obtained by psychoanalysis than by eclectic psychiatrists, and what cures 
are achieved through the psychoanalytic technique of treatment occur 
because its therapeutic value lies not in its elaborate superstructure . . . .” 
“These same goals (of psychoanalysis) can be achieved far more simply 
and directly by the therapy as advanced elsewhere in this book 

The author seems to feel that analysts would recommend psychoanalysis 
as superior form of therapy for all neuroses. This is, of course, not true 
and casts some doubt on the author’s opinion in regard to Psychoanalysis 
in general. 

Despite the above criticisms and an overly optimistic view prevailing 
throughout, this book is highly recommended to those for whom it is 
intended. L. S. 


An Introduction to Dermatology. By Richard L. Sutton, M.D., 
Sc.D., LL.D., F.R.S. (Edin.), Emeritus Professor of Dermatology, 
University of Kansas School of Medicine, and Richard L. Sutton, Jr., 
A.M., M.D., L.R.C.P. (Edin.), Assistant Professor of Dermatology, 
University of Kansas School of Medicine. Pp. 904; 723 illustrations. 
Fourth Edition. St. Louis: The C. V. Mosby Company, 1941. Price, 
S9.00. 

This work continues to be one of the best short texts in dermatology 
available to the student and general medical man. The need for 4 editions 
in 9 years is, in itself, a tribute to its excellence and popularity. The 
present revision is considerably improved by the inclusion of a short and 
carefully compiled bibliography of leading articles in the readily available 
journals and by the addition of numerous carefully selected illustration. 

Although the section on syphilis covers many of the general medical and 
treatment aspects of the disease, it should not be regarded as adequate 
for the present-day needs of the student or general practitioner unless 
supplemented by considerable collateral reading. 

Tlie management of the common skin diseases is adequately covered 
and the majority of the rarer dermatoses are classified and briefly described. 

N. I. Jr. 
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^ Physics. An introductory Course for Medical or Premedical 

Students and for all Radiologists. By John Keylock Robertson, 
p n K f£’ Foo !e u SO l °J- PhySIC 4' Qu -eens University, Kingston, Canada. 
Pnc., W°41 1S PrAefsl50 nS ' iW lork: D ‘ Van Nostrand Company, 

The author assumes as prerequisite for the use of his book a knowledge 
ot many oi the elementary aspects of mechanics, radiation, and electricity 
and magnetism. He uses it as a text for a course given during the last year 
of a 2-year course in physics for pre-medical students. .Although his treat- 
ment of the subject. of electricity is elementary, it is not fundamental, and 
therefore cannot initially help a reader who wants to review the funda- 
mental bases of electricity and magnetism. 

The material wdiieh is presented is in general accurate and clear and 
the sections on the Conductivity of Air, Chemical Analysis by Positive 
Rays, The Meaning of Critical Absorption Wave-length, Causes of Grid 
Shadows, Absolute Intensity and Law of Inverse Squares and particularly - 
the sections on the Cyclotron and on Radioactivity are extremely well 
written and well illustrated. 

Tliis book will be useful to medical students, radiologists and possibly 
some radiologic technicians as well. E. P. 


Hutchison’s Food and the Principles op Dietetics. Revised by V. H. 
Mottkam, M. A. (Cant.), Professor of Physiology at King’s College of 
Household and Social Science, University of London, and George 
Graham, M. D. (Cant.), F.R.C.P. (Lond.), Physician to St. Bartholo- 
mew’s Hospital. Pp. 64S; 27 illustrations. Ninth Edition. Baltimore: 
The Williams & Wilkins Company, 1940. Price, S6.75. 

A book which has gone through 8 editions needs little comment. For 
those who are not familiar with it, a short outline may not be amiss. After 
some general observations on dietetics, the authors describe the functions 
of the foods in the normal diet, in providing energy and body building, with 
special chapters on the inorganic elements and the vitamins. The classes 
of foods are then taken up in greater detail with their composition and 
their place in the total dietary explained. Several chapters are devoted to 
the principles of feeding in infancy and childhood, and to the diet in the 
treatment of disease. These are so clearly presented that the fact that the 
details are based on English menus, tastes and meal hours, detracts only 
slightly from its value. Simple food tables make it easy to adjust the diet 
to any desired amount and distribution of the various foods. 

The text is clear and readable and the index is sufficiently detailed so 
that no difficulty is found in locating any desired item. .This book deserves 
the careful consideration of anyone desiring a book on dietetics. R. R. 


Anus, Rectum, Sigmoid Colon. Diagnosis and Treatment. By Harry 
Ellicott Bacon, B.S., M.D., F.A.C.S., F.A.P.S., Clinical Professor of 
Proctology - , Temple Unwersity School of Medicine: Associate Professor 
of Proctology, Graduate School of Medicine, University of Pennsyl- 
vania, etc. Introduction by W. Wayne Babcock, A.M., M.D., LL.D., 
F.A.C.S., Professor of Surgery, Temple University School of Medicine. 
Foreword by J. P. Lockhakt-Mujimert, M.A., M.B., B.C. (Cantab.), 
FRCS. (Eng.), Emeritus Surgeon, St. Mark’s Hospital, London, 
Engiand. Pp. S57; 507 text illustrations (mostly original) by iluav 
Brown McNett; I colored frontispiece. Second _ Edition. lin!a- 
delphia: J. B. Lippi ncott Company, 1941. Price, SS.50. 

The second edition of tins work is very similar to the first It a « 
excellent and painstaking review of the literature and description 
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various diseases of the anus, rectum and sigmoid colon. The author has 
kept the book abreast of the times by adding the newer methods and drugs 
as they are applied to diseases of the lower bowel. The illustrations by 
McNett are outstanding and probably account for much of the popularity 
of this work. This book remains as a very excellent reference work for 
surgeons and practitioners interested in a monograph concerning diseases 
of the lower bowel. L. F. 


Modern Drug Encyclopedia and Therapeutic Guide Presenting de- 
scriptions of 11,114 modern, non-pharmacopeal, ethical medicinal prepa- 
rations in 15,629 forms, comprising: 3,421 drugs and chemicals, 663 bio- 
logicals, 691 endocrines, 2,270 ampoule medicaments, 3,190 individual 
and group allergens and 879 miscellaneous products. For the Use of , 
Physicians, Dentists, Pharmacists, and Medical Students. By Jacob 
Gutman, M.D., Phar.D., F.A.C.P., Director, Brooklyn Diagnostic 
Institute; Consulting Physician, Manhattan General Hospital, New 
York, the River dale, Shore Hoad, Williamsburg Maternity, and Borough 
Park General Hospitals of Brooklyn. Pp. 1644. Second Edition. New 
York: New Modern Drugs, 1941. Price, $7.00. 

As outlined in the Preface to the first edition of this book in 1934, its 
purpose is to provide a concise yet adequate and authoritative source of 
information for the physician about the many products of pharmaceutical 
manufacturers that do not find their way into New and Non-official Reme- 
dies. The Encyclopedia part (1303 pages, with distributors’ index) con- 
tains an alphabetical list of such preparations, giving for each the name of 
the manufacturer, the composition, the claimed action and uses, the form, 
or forms, in which it is supplied, and the recommended dosage; the listings 
are offered without comment or change from the original sources. Prepara- 
tions advertised and sold directly to the laity are not included. The 
Therapeutic Index (339 pages, with drug index) is an alphabetical catalogue 
of disease states under each of which are listed the preparations in the 
Encyclopedia that are recommended in that connection. As a reference 
book this provides in compact form a source of information about the 
composition of preparations which are more or less widely used and it will 
therefore be valuable to pharmacologists and toxicologists. The scientific 
therapist will also be enabled by it to arrive at his own decisions as to the 
probable value of the remedies listed herein compared with the simpler 
and much cheaper official preparations. The Therapeutic Guide seems to 
the Reviewer to be a complete anachronism; the book would be more 
dignified and no less valuable without it. C. S. 


Electrocardiography in Practice. By Ashton Graybiel, M.D., 
Instructor in Medicine, Courses for Graduates, Harvard Medical School; 
Research Associate Fatigue Laboratory, Harvard University; Assistant 
in Medicine, Massachusetts General Hospital, and Paul D. White, 
M.D., Lecturer in Medicine, Harvard Medical School: Physician. Massa- 
chusetts General Hospital, in charge of the Cardiac Clinics and Labora- 
tory. Pp. 319: 272 figures. Philadelphia, W. B. Saunders Companv, 
1941. Price, $6.00. 

In this atlas are illustrated the important abnormalities encountered in 
clinical electrocardiography. Brief case histories are supplied for correla- 
tion. Explanations are concise and clear. Of particular interest are the 
sections on the arrhythmias, and the considerable numbers of tracings 
showing borderline electrocardiographic abnormalities and their interpre- 
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aST in f. us f io ? of 129 “unknown” tracings toward the end of the 

Swlt thefr f1° n fr d i nte ^ ti0ns opposite ’ aUows one to test his 
wi n ^ ° f J ? au , t!lors ■ T!le Reviewer regrets that only one chest 

arten^Sase! “ *** ° f patients suspected of having coronary 

W. J, 


Biological Aspects of Infectious Disease. By F. M. Burnet M D 
Assistant Director, Walter and Eliza Hall Institute, Melbourne. Pp’ 
310; 9 figures and 4 plates. Cambridge: The University Press; Hew 
lork: lhe Macmillan Company, 1940. Price, S3.75. 

Books on infectious diseases have usually been written by medical men 
pix) have been interested chiefly in the effects of infection on man. This 
book is written b} r a biologist to whom both man and microorganisms are 
objects of equal interest. It treats infections as interactions between living 
species, i. e., infectious agents (protozoa, bacteria and viruses) and their 
hosts. The author emphasizes that “we can deal with no restricted field 
in studying the nature of disease. The whole range of living beings comes 
into our province, for there is probably no species of organisms which has 
not at one time been either host to a parasite, or a parasite itself. Infectious 
disease is universal.” The host-parasite relation is discussed from the 
ecologie point of new, as a struggle for existence between species which 
profoundly affect one another. Broadly viewed, the interactions lead to its 
development of an approximately balanced condition. 

There are chapters on the processes within the body of the host which 
develop as the result of invasion by infectious agents, on the natural history 
of infectious disease, of its spread, on the general character of endemic 
disease and of epidemics, on some important infections which exemplify 
general principles, and finally on new diseases and the outlook for the future. 

The book is very readable and should serve as a stimulating complement 
to more orthodox textbooks. The general reader interested in the relation 
of biology to human affairs will find here an excellent account of infectious 
disease as an important aspect of everyday life. B. L. 


The Comparative Phtsiologt of Respiratory Mechanisms. (The Wil- 
liam J. Cooper Foundation Lectures, 1939, Swarthmore College.) By 
August Keogh. Pp. 172; S4 illustrations. Philadelphia: University 
of Pennsylvania Press, 1941. Price, S3 .00. 

This book represents a series of lectures given at Swarthmore College. 
It should be a valuable addition to the literature on comparative physi- 
ology, and serve a useful purpose not only for students but also for teachers 
and research workers. _ . 

The respiratory mechanisms of numerous species from small invertebrates 
to whales and man are discussed. The various examples are arranged 
“into a kind of physiological system, built up on analog}" of function. 

A large number of zoologic forms are considered and the species are carefully 
indexed. In addition 2S7 references to the original literature are given, so 
that the book will proride a rich mine of information on respirator}" lunc- 
tion to the zoologist and comparative physiologist. 

Many of the chapters present relatively simple facts which should be 
understandable even to a beginner in the subject, but tins does not imply 
that the same chapters are not invaluable to the expert. The charm ofthe 
book lies in the originality, simplicity and clantv with which relatneh 
simple facts are arranged and analyzed. The master hand of oneoft e 
outstanding living biologists is throughout in evidence. u. n. 
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Masochism in Modern Man. By Theodor Reik. Translated by Mar- 
garet H. Beigel and Getrud M. Kurth. Pp. 439. New York: Farrar 
& Rineliart, Inc., 1941. Price, $4.00. 

Masochism is the desiring of discomfort and pain, and Freud has regarded 
it as our most common and important perversion. After having pondered 
the subject for 15 years, the author believes he has solved many of its 
intricacies. Debt is acknowledged to Freud for his insight into the nature 
of masochism but it is said he failed to arrive at its full understanding- 
pointed the way but did not go. Reik’s thesis is discussed in eight parts: 
Problem, Phenomena, Dynamics, Origin, Sexes, Ego-Gains, Social Forms 
and Cultural Aspects. It is maintained that sexual masochism embraces 
the paradoxical pairing of discomfort and pain with sexual pleasure. In 
social masochism, the martyr attitude of modern man is seen to have 
developed. Fear of annihilation of the personality and the hope of immor- 
tality has led to the national masochism of today. The author’s theories 
are difficult to follow. Philosopher Havelock Ellis wrote most lucidly on 
masochism; failure to consider these discussions, particularly his case of 
“Florrie,” is more harmful to the author than to the philosopher. 

N. Y. 


Debatable Tumours in Human and Animal Pathology. (Cancer Re- 
search Memoirs, No. 1.) By W. F. Harvey, E. K. Dawson, and J. R. M. 
Innes. From the Research Laboratory of the Royal College of Physi- 
cians, Edinburgh, the Cancer Control Organisation of Edinburgh and 
South-East Scotland, and the Institute of Animal Pathology, University 
of Cambridge. Pp. 124; 40 plates. Edinburgh: Oliver and Boyd, Ltd., 
1940, for the Cancer Control Organisation of Edinburgh and South-East 
Scotland. Price, 10/6. 

By “debatable tumours” the authors apparently do not mean lesions that 
are doubtfully neoplastic (though this idea also appears on occasions), but 
rather neoplasms the nature of which is debatable— as if this were not true 
to some degree for all neoplasms. The authors have selected for consider- 
ation 9 tumors which are “so debatable that a detailed argument on their 
nature seems justifiable.” The seminoma they regard as a malignant epi- 
thelial tumor arising from the spermatoblast; the granulosa cell tumor as 
of primitive ovarian follicle origin; the “mixed tumor” of the parotid as an 
adenoma; the giant cell tumor of bone as a neoplastic growth intermediate 
between purely reactive tissue and a true blastoma. Among melanomas 
the authors include benign nevus cell tumors, and pigmented tumors of 
mesodermal origin; the malignant melanoma they regard as a melanocar- 
cinoma. Endothelioma may be either benign or malignant, “vasoforma- 
tive” or “membraneoformative” ; meningioma arises from stem-cells of endo- 
thelial type. Lymphosarcoma arises from a primitive mesenchymal cell, 
which has “productive potentialities of endothelioblast, fibroblast and lym- 
phoblast.” The terms “reticulum-cell, lympho- and endothelial sarcoma” 
are used interchangeably. “Lymph epithelioma” is considered as covering 
two types of malignant growth: carcinoma and lymphosarcoma. The suf- 
fix “-blastoma” apparently is used to indicate malignancy. 

Thus, the reader may not infrequently find his tumor concepts at vari- 
ance with the authors’ views, who incidentally express regret for a dog- 
matism necessitated by limitations of space. He cannot fail to profit, 
however, from the clearly stated results of the obviously careful study of 
a large amount of tumor material. The numerous excellent photomicro- 
graphs and the bibliography of Directional Literature are also to be com- 
mended. The lack of an index is a striking defect. E. K. 
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A FA X ' rp° K A ° F ^ I,N n AL Neurology By J. M. Nielsen, B.S., M.D., 

Angeles County General Hospital; Attending Neurologist, Hospital of . 
Oie Good Samaritan, Los Angeles. Pp. 672; 179 illustrations! New York: 
Paul B. Hoeber, Inc., 1941. Price, S6.50. 


This is a very practical book written in plain language. Students and 
physicians alike will here find the answers to their neurologic problems. 
I he clinical picture of the various diseases is built up on the anatomy of 
the diseased parts of the nervous system, their function and pathology 
Photographs and diagrams facilitate the comprehension. The methods of 
differential diagnosis and treatment are clearly stated and the use of recent 
drugs such as the sulfonamides and the vitamins are discussed. The book 
is written, as the author explains, in a somewhat dogmatic style since the 
enormous material had to be limited in some way. It is unavoidable under 
these conditions that the author’s opinion will not be always shared by 
others. This danger is lessened by bibliographies accompanying each chap- 
ter, giving the reader an opportunity to follow up details if he is interested 
in controversial questions. The presentation reflects throughout the experi- 
ence of the author as neurologist and as teacher. The book is recommended 
as a textbook for students and as a reference book for physicians. 

F. L. 


Spermatozoa and Sterility. A Clinical Manual. By Abner I. Weisman, 
M.D., Adjunct Gynecologist, Jewish Memorial Hospital; Clinical Assist- 
ant Visiting Gynecologist and Obstetrician, Metropolitan Hospital, 
New York. With a Foreword by Robert L. Dickinson, M.D. Pp. 314 ; 
77 illustrations. New York: Paul B. Hoeber, Inc., 1941. Price, $5.50. 
The present volume would be a useful addition to the library of the 
general practitioner, urologist and gynecologist. As its name implies, it is 
essentially a hand book of practice. Its contents deal primarily with the 
practical details of studying the seminal fluid, and the proper interpretation 
of the findings. An interesting part of the work concerns the question of 
artificial insemination and its medico-legal aspects. Other chapters^ deal 
with the author’s original contribution to the subject. The material is 
well arranged, and the illustrations are excellent. The volume contains 
much that is of general interest, apart from its practical aspects. An 
excellent bibliography of some 764 titles is appended. D. M. 


Roentgen Interpretation. By George W. Holmes, M.D., Roent- 
genologist to the Massachusetts General Hospital and Clinical Professor 
of Roentgenology, Harvard Medical School, and Howard E. Ruggles, 
M.D., Late Roentgenologist to the University of California Hospital 
and Clinical Professor of Roentgenology, University of California Medical 
School. Pp. 364; 246 illustrations. Sixth Edition, thoroughly revised. 
Philadelphia: Lea & Febiger, 1941. Price, S5.00. 

In 1919, in the preface to the First Edition, the authors remarked that 
it was their hope that "this book will prove of particular aid to those in 
search of a working knowledge in roentgen interpretation.” The tact timi 
the work is now in its Sixth Edition bears ample testimony to the success 

The outstanding characteristics of this work continues to be its clearness 
and brevity. As in the past, the authors have not attempted to present 
their material in an exhaustive fashion. Because of this, the manual- 
admirably suited for use by students and physicians other than radiologist . 
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The general characteristics of the book are unchanged, the illustrations 
are essentially the same. The authors have added to the chapter on 
Diseases of Bone, a brief r^sumd of sarcoidosis, Ollier’s disease and the 
bone changes seen in erythroblastic anemia. A discussion on the recent 
advances in the diagnosis of intramedullary spinal cord tumors is also new. 
The chapter on Diseases of the Chest now includes references to mediastinal 
herniation, pericardial tumors, and tuberculous ulcerations of the bronchi 
associated with atelectasis. The diagnosis of lymphoblastoma of the lung 
are also included in this chapter. The chapter on the small intestines has 
been augmented by a discussion of small intestinal tumors. 

Whereas the volume is well illustrated, it is hoped that the next edition 
will appear with positive illustrations changed to negative illustrations. 

P. H. 


The Mask of Sanity. An Attempt to Reinterpret the So-called Psycho- 
pathic Personality. By Hervey Cleckley, B.S., B.A. (Oxon.), M.D., 
Professor of Neuropsychiatry, University of Georgia School of Medicine, 
Augusta. Pp. 298. St. Louis: The C. V. Mosby Company, 1941. 
Price, $3.00. 

The individual commonly known as a “psychopath” is regarded by the 
author as psychotic and irresponsible, thus rendering him immune to 
punishment. But such subjects know the nature and quality of their 
acts of misbehavior, also that they are punishable; and knowing their 
weaknesses, it becomes their duty to fortify themselves by self-restraint; 
failing to do so, they render themselves liable to punishment. We already 
have a group whom psychiatrists regard as showing partial or limited 
responsibility, a condition which some courts recognize. While not offering 
a classification of his own, Cleckley comments favorably upon those of 
Noyes (who regards the condition as an expression of unconscious conflict) 
and of Kahn, who has made valuable contributions. There are 12 case 
reports revealing the disorder, and 6 others wherein it is partly manifested. 
Without clearly defining the condition, considerable space is devoted to its 
distinction from other personality disorders, some being the orthodox 
psychotic, the psychoneurotic, the mental defective, the ordinary criminal, 
sexual deviates, the erratic man of genius, the neurotic drinker, the malin- 
gerer, and fictional characters showing personality anomalies. While not 
solving this intricate problem, the author has given us an interesting 
treatise, including much pertinent matter by others. Being a writer of 
fiction also, he has employed a style less rigid than that of the scientist. 

N. Y. 


Manual of Clinical Chemistry. By Miriam Reiner, M.Sc., Assistant 
Chemist to The Mount Sinai Hospital, New York. Introduction by 
Harry Sobotka, Ph.D., Chemist to The Mount Sinai Hospital, New 
York. Pp. 296; 18 illustrations and 17 tables. Nev r York: Interscience 
Publishers, Inc., 1941. Price, S3.00. 

This is a_ valuable little book of handj r size. It is thoroughly practical, 
having had its origin in the need of laboratory interns for a source of precise 
technical detail “in the middle of the night.” It is surprisingly complete 
and should appeal as a source of reference particularly to those lone and 
many-sided laboratory technicians in smaller hospitals who are not called 
on every day to do determinations which are routine matters in larger 
institutions. The contents are chiefly quantitative methods of blood and 
urine analysis, but there are also included the usual qualitative chemical 

VOL. 202. .VO. 1.— JULY, 1941 5 
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Urine ' f eces i spinal fluid and gastric juice. Unexpected welcome 
inclusions are some toxicologic tests, methods for sex hormones Quick’s 
2 1 fek’n f- eth° d , and technique of extracting allergens for subsequent 
skin-testing from naturally occurring source materials; also some photo- 
electric colorimeter methods, methods for vitamins, technique for biliary 
and unnary calculus analysis, and even the Takata-Ara test. For each 
method there is a key reference to the literature (all of which add up to a 
sizeable bibliography), and there is an author index. j> }>. 


Mechanisms of Biological Oxidations. By David E. Green, Senior 
Beit Memorial Research Fellow, Institute of Biochemistry, University 
of Cambridge. (Cambridge Biological Studies, General Editor, C. H. 
Waddington.) Pp. 181; 22 figures. Cambridge.* The Universit}* Press, 
1940; New York: The Macmillan Company, 1941. Price, $2.75. 
Cellular oxidation is one of the basic phenomena of life. This book 
treats of. the mechanisms of biological oxidations and discusses the enzyme 
systems in the cells upon which oxidation depends. Although most of our 
knowledge of such mechanisms is derived from experiments on but a few 
types of cells, a great store of information is now available. This mono- 
graph gives an excellent summary of biologic oxidation by a well-known 
investigator who has made significant contributions in this important field. 

B. L. 


A Diabetic Manual for the Mutual Use of Doctor and Patient. 
By Elliott P. Joslin, M.D., Sc.D., Clinical Professor of Medicine 
Emeritus, Harvard Medical School; Medical Director George F. Baker 
Clinic at the New England Deaconess Hospital; Consulting Physician, 
Boston City Hospital. Pp. 238; 53 illustrations. Seventh Edition, 
thoroughly revised. Philadelphia; Lea & Febiger, 1941. Price, S2.00. 
The seventh edition of this very useful book maintains the standard 
set by its predecessors. In addition to the information which the book 
contains, it continues to be written with that hope for the future of the well 
trained diabetic which the author knows so well how to present. Two 
chapters of questions and answers combine with .easily understood diet 
instructions to make this a book without which no diabetic can afford to be. 
The physician also will find much here to interest him, especially as regards 
the newer advances in diabetes. , L. R. 


Science and Seizures. New Light on Epilepsy and Migraine. By 
William G. Lennox, M.D., Sc.D., Hon. Assistant Professor of Neurology, 
Harvard University Medical School; Visiting Neurologist, Boston City 
Hospital; etc. Pp'. 25S; 10 figures. New York; Harper & Brothers, 
1941. Price, $2.00. 

Consideration of the nature and treatment of convulsive and headache 
seizures is the purpose of this book. In 1929, Hans Berger, German p=y c ua 
trist, demonstrated that when the electric currents of the brain «cre 
enormouslv amplified, they could be detected in the scalp and recotoe 
on moving paper. The pattern of the resulting electroencephalogram 
(shorteneefto “E.E.G.”) is quite characteristic of each individual. Dunn^ 
a convulsion, the waves are increased m size and frequency. Grand mn 
shows a rapid dysrhythmia, in a psychomotor attack it is slow, and 
petit mal the rhythm is alternating. A minor dysrhythmia is aL-o prefer 
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when attacks are absent. Severe seizures may be predicted in advance. 
Sedation used in epilepsy, causes a slowing of cortical rhythms. Tantrums 
and some mental disorders show definite dysrhythmias. At present the 
matter of expense is a serious one; the instrument is expensive and a skilled 
operator and interpreter is required. In treatment, the new drug, dilantin 
sodium, is frequently of value. One notes that Napoleon has been omitted 
from the long list of great epileptics; Byron and Peter the Great should have 
been also. In migraine, it is the vegetative nervous system that is chiefly 
affected; there are no known brain changes. Ergotamine tartrate is a new 
and useful remedy, though considerable nausea follows its injection. Lennox 
has illuminated one of the dark realms of medicine. N. Y. 


Manual of Physical Diagnosis with Special Consideration of the Heart 
and Lungs. By Maurice Lewison, M.D., Professor of Physical Diag- 
nosis, University of Illinois College of Medicine; Consulting Physician, 
Cook County Hospital, etc., and Ellis B. Freilich, M.D., Associate 
Professor of Medicine, University of Illinois College of Medicine; Pro- 
fessor of Medicine, Cook County Graduate School of Medicine, etc. In 
collaboration with George C. Coe, M.D., Instructor of Medicine, 
University of Illinois College of Medicine; Associate Physician, Cook 
County Hospital; Clinical Assistant, Mount Sinai Hospital, Chicago. 
Pp. 317; 75 illustrations. Chicago: The Year Book Publishers, Inc., 
1941. Price, $3,00. 

This manual is the outgrowth of the outline which the Senior author 
has used in teaching the principles of physical diagnosis to his students. 

“Systemic examination” of everything above the clavicles is covered 
in 9 pages. Five pages are allotted to. the physical examination of the 
upper and lower extremities and the joints. Neurological examination is 
confined to a description of reflexes in less than 3 pages. That portion of 
the book which deals with physical examination of the thorax and the 
abdomen is adequate. 

The Reviewer suggests that, if this book reaches a second edition, sufficient 
space should be allotted to “systemic examination,” examination of the 
extremities and joints and that a chapter be added on physical examination 
of the nervous system. The requisite space can be achieved by omitting 
Diseases of the Bronchi, Lungs and Pleura (23 pages) and Diseases of the 
Cardiovascular System including Chronic Valvular Heart Disease, Subacute 
Bacterial Endocarditis, Diseases of the Pericardium, Angina Pectoris and 
Coronary Occlusion, Aneurysm of the Thoracic Aorta and Congenital 
Heart Disease (15 pages). S. L. 


Medicine and Human Welfare (The Terrv Lectures). By Henry E. 

Sigerist, M.D., D.Litt., William H. Welch Professor of History of 

Medicine in the Johns Hopkins University. Pp. 148; 20 illustrations. 

New Haven: Yale University Press, 1941. Price, S2.50. 

This, the 16th volume of the Terry Lectures on “Religion in the Light 
of Science and Philosophy,” conforms well with the aims of the Terry 
Foundation to advance the human race by promoting the interpretation of 
scientific discoveries and their application to human welfare. These lectures 
bear on religion, broadly interpreted, in the same sense as do earlier ones 
in the series, such as Compton’s “Freedom of Man,” and Barcroft’s “The 
Brain and Its Environment.” 

The present series explores one of Dr. Sigerist’s leading beliefs — the need 
for a better application of the triumphs of medical science to a basically 
changed society that is still in a period of transition. The first section, on 
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disease, shows the changing attitude toward disease through the centuries 
and touches on histone pestilences as examples of social illnesses that 
profoundly affected society. The second section, on health, considers the 
ups and downs of hygiene m ancient, medieval and modem times. Among 
the topics considered are: the Greek and Roman successes in attaining a 
sound mmd in a sound body, Johann Peter Frank and the eoncept°of 
governmental control of public health in the 18th century, Chadwick and 
the English public health movement in the 19th, the failure of the German 
national health program of a century ago, and the gradual growth, with 
the development of medicine and engineering sciences, of a public health 
movement reaching well beyond the fields of sanitation and communicable 
diseases. In the.tlurd section, a survey of the physician’s activities through 
the ages leads up to his widened sphere in today’s social structure, including 
his integral relations to the law, education, industry and so on. Recognizing 
that the "technology of medicine has outrun its sociology,” Dr. Sigerist 
proposes the drastic remedy that the physician be removed from the com- 
petitive business of private practice and that ultimately medical care be 
made a free public sendee. Though he recognizes that the financing of 
health care by taxation or insurance must depend to some degree on circum- 
stances, he obviously favors the Soviet system of health planning, training 
of personnel and the prevention and treatment of disease as entirely a 
function of the government. 

In their judicious selection from a great wealth of material and their 
dignified, entertaining style, these lectures present in attractive form an 
aspect of modern medicine that is of the highest importance for all physicians 
to comprehend and consider, even if they may not agree with the conclusions 
drawn and inferred. E. K. 


Pediatric Bibliography. By A. Graeme Mitchell, Department of 
Pediatrics of the College of Medicine, University of Cincinnati, and 
The Children’s Hospital Research Foundation, Cincinnati. (Mono- 
graphs of the Society for Research in Child Development, Vol. VI, No. 1, 
Serial No. 27.) Pp. 119 (lithoprinted). Washington, D. C.: Society 
for Research in Child Development, National Research Council, 1941. 
Price, 75e. 

A working bibliography of Pediatric literature based on material 
gathered mostly by Dr. J. P. C. Griffith and his colleague, Dr. A. G. Mitchell 
for their textbook. It makes no pretense of being complete for the field of 
Pediatrics or for any one subject but will be useful as a springboard to any 
specific section or disease of childhood. E. T., Jr. 


NEW BOOKS. 

Oral Pathology. A Histological, Roentgenological, and Clinical Study of 
the Diseases of the Teeth, Jaws, and Mouth. By Kurt H. Thoma, D.M.H-, 
Professor of Oral Surgery', and Charles A. Brackett, Professor of Ora) 
Pathology, Harvard University. Pp. 1306; 1370 illustrations, including 
137 in color. St. Louis; The C. V. Mosby Company, 1941. Price, 
SI 5.00. 

Das Vitamin K tin d Seine Klinische Bcdculung. By Dr. FmTr KoLLEn, 
Privatdozent fur Innere Medizin an der Umversitat, Ztinch MitAincm 
Geleitwort von Prof. Dr. W. Loffler, Zurich. Pp. lol; to illuvia- 
tions. Leipzig: Georg Thieme, 1941. , 

Medical Manual of Chemical Warfare. (First American Eddion ; Reprinted 
bv Permission of The Controller of His Britannic Majesty s Sta (lonco 
Office.) Pp- U9; 1 figure and 10 plates. Brooklyn: Chemical I ubln 
ing Company, Inc., 1941. Price, S2.50. 
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The Medical Clinics of North America, Vol. 25, No. 3 ( New York Number, 
May, 1941). Pp. 265; 8 illustrations. Philadelphia: W. B. Saunders 
Company, 1941. 

Hernia. In Three Sections. Historical Evolution of Hernial Surgery; 
Technical; Medico-legal Aspects. By Alfred H. Iason, B.A., M.D., 
Consulting Surgeon, Long Beach Hospital; Director of Surgery, Brooklyn 
Hospital for the Aged; Surgeon, Manhattan General and Madison-Park 
Hospitals, etc. Pp. 1325; 355 illustrations by Alfred Feinberg, 
Instructor of Medical Illustrations, Department of Pathology, College 
of Physicians and Surgeons, New York City. Philadelphia: The 
Blakiston Company, 1941. Price, $15.00. 

Biology of the Laboratory Mouse. By The Staff of The Roscoe B. Jackson 
Memorial Laboratory. Clarence C. Little, Director, George D. 
Snell, Editor, J. J. Bittner, A. M. Cloudman, E. Fekete, W. E. 
Heston, W. L. Russell, G. W. Woolley. With a Chapter on Infec- 
tious Diseases of Mice by J. H. Dingle, Harvard Medical School. Pp. 
497; 172 illustrations. Philadelphia: The Blakiston Company, 1941. 
Price, $7.00. 

The British Encyclopedia of Medical Practice Including Medicine, Surgery, 
Obstetrics, Gynaecology, and Other Special Subjects. Complete Index. 
Under the General Editorship of Sir Humphry Rolleston, Bt., G.C.V.O., 
K.C.B., M.D., D.Sc., D.C.L., LL.D., Emeritus Regius Professor of Physic, 
Cambridge; Sometime President of the Royal College of Physicians of 
London. With the assistance in a consultative capacity of F. R. Fraser, 
M.D., F.R.C.P., Professor of Medicine, University of London, etc., G. 
Grey Turner, D.Ch., M.S., F.R.C.S., F.R.A.C.S., F.A.C.S., Professor 
of Surgery, University of London, etc., James Young, D.S.O., M.D., 
F.R.C.S. Ed., F.C.O.G., Professor of Obstetrics and Gynaecology, Uni- 
versity of London, etc., Sir Leonard Rogers, K.C.S.I., M.D., LL.D., 
F.R.C.P., F.R.C.S., F.R.S., Late Physician, Hospital for Tropical Dis- 
eases, London, and F. M. R. Walshe, O.B.E., M.D., Sc.D., F.R.C.P., 
Physician in Charge of the Neurological Department, University College 
Hospital. Pp. 486. London: Butterworth & Co. (Publishers), Ltd., 
1941. Price, $10.00. 

Conditioned Reflexes and Psychiatry. (Volumes 1 and 2 of Lectures on 
Conditioned Reflexes. Twenty-five Years of Objective Study of the 
Higher Nervous Activity [Behavior] of Animals.)_ By Ivan Petbovitch 
Pavlov, Late Director, Physiological Laboratories, Institute of Experi- 
mental Medicine and Academy of Sciences, Leningrad; Late Professor of 
Physiology, Military Medical Academy, Leningrad, etc. Translated 
and Edited by W. Horsley Gantt, M.D., B.Sc., Medical Director, 
Leningrad Unit American Relief Administration, 1922-23; Co-worker in 
Pavlov’s Laboratory, Institute of Experimental Medicine, 1925-29; 
Associate in Psychiatry and Director, Pavlovian Laboratory, Johns 
Hopkins University. (Vol. 1 with the Collaboration of G. Volbortii, 
M.D., Former Assistant to Professor Pavlov at the Military Medical 
Academy; Professor of Physiology, University of Kharkov, and an 
Introduction by Walter B. Cannon, M.D., S.D., George Iligginson 
Professor of Physiology, Harvard University.) Pp.: Vol. 1, 414 and 
9 illustrations; Vol. 2, 199 and 7 illustrations. New York: International 
Publishers, 1931. Price, Vol. 1, $3.50; Vol. 2, $4.00, 

Essentials of Endocrinology. By Arthur Grollman, Ph.D., M.D., Asso- 
ciate Professor of Pharmacology and Experimental Therapeutics in the 
Medical School of The Johns Hopkins University. Pp. 4S0; 74 illustra- 
tions. Philadelphia: J. B. Lippincott Company, 1941. Price, $6.00. 
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The New International Clinics , Volume 2, New Series 4 , June 19A1 . Edited 
hy Geokge Morris Piersol, M.D., Professor of Medicine, Graduate 
bchool of Medicine, University of Pennsylvania, Philadelphia, with 
1/ Collaborators. Pp. 299; illustrated; 1 colored plate. Philadelphia: 
J. B. Lippincott Company, 1941. 

' vj ° f ®!i , ? ects “ covered in this number. Several "clinics” are pre- 
sented from \ ale and from three Lexington institutions. The "Renew of Recent 
Progress is on Chronic Gastritis, though the first article, on “The Functions of 
the Adrenal Glands is also a digest (13 pages). 


Proceedings of Meetings of the. New York Pathological Society held Nov 30 
and Dec. 28, 1939, and Jan. 25, Peb. 29, March 28, April 25, and May 23, 
1940. (Reprinted from the Archives of Pathology, March, June, August 
September, and October, respectively, 1940.) Pp. 39 . 

Proslata-Krebs wie Paraprostala-Hyperlrophie sind Folgen hormonaler 
Storungen, die vvir je friiher je besser beeinflussen konnen. 13 Jahre 
hormonale Krebs-Prophylaxe wie auch hormonale Behandlung der Para- 
prostata-Hypertrophie bei mehr als 1000 a Iteren Menschen. B 3 r Dr. med. 
Paul Niehans, Chirurgund UrologeF. M.H. derlOinikvonClarensund 
der Spitaler von Vevev und Montreux (Schweiz). Pp. 48. Bern: Hans 
Huber, 1940. 


NEW EDITIONS. 


The Principles and Practice of Ophthalmic Surgery. B y Edmund B. Spaeth, 
M.D., Professor of Ophthalmology in the Graduate School of Medicine 
of the University of Pennsjdvania, Philadelphia; Attending Surgeon, 
Wills Hospital, etc. Pp. 886 ; 451 engravings containing 1149 figures 3 nd 
6 colored plates. Second Edition, thoroughty refused. Philadelphia : 
Lea & Febiger, 1941. Price, S10.00. 

Dietetics for the Clinician. By Late Milton Aklanden Bridges, B.S., 
M.D., F.A.C.P., Director of Medicine, Detention, Rikers Island and 
West Side Hospitals, New York; Consulting Physician, Sea view Hospital, 
Staten Island, N. Y.; and Department of Education, New York Uni- 
versity, New York,' etc. Pp. 960. Fourth Edition, thoroughly refused. 
Philadelphia: Lea & Febiger, 1941. Price, $10.00. 

Clinical Aspects of the Electrocardiogram including the Cardiac Arriythrnias. 
By Harold E. B. Pardee, M.D., Assistant Professor of Clinical Medi- 
cine, Cornell University Medical College; Associate Attending Physician, 
New York Hospital; Consulting Cardiologist, Woman’s and Methodist 
Hospitals, etc. Pp. 434; 219 illustrations on 102 figures. Fourth Edi- 
tion, revised. New York: Paul B. Hoeber, Inc., 1941. Price, 85.75. 

Fractures and Other Bone and Joint Injuries. By R. Watson-Joxes, 
B.Sc., M.Ch. Orth., F.R.C.S., Civilian Consultant in Orthopedic 
Surgery of the Royal Air Force, etc. Pp. 724; 1034 illustrations. Second 
Edition. Baltimore: The Williams & Wilkins Company, 1941. I rice, 
$13.50. 


Synopsis of Diseases of the Heart and Arteries. By George R. Herrmann, 
M.S., M.D., Ph.D., F.A.C.P., Professor of Medicine, University m 
Texas; Director of the Cardiovascular Service, John Scaly Hnspitaj; 
Consultant in Vascular Diseases, U. S. Marine Hospital. Pp. 468; Ji il- 
lustrations. Second Edition. St. Louis: The C. V. Mosby Company 
1941. Price, $5.00. , 

Foundations of Neuropsychiatry. By Stanley Cobb, A.B., M.D., Bui I ar 
Professor of Neuropathology, Harvard Medical School; Psychmtri 
Chiet Massachusetts General Hospital. Pp. 231. Second Refused and 
Enlarged Edition of the Work formerly known as A Preface to Non ou 
Disease. Baltimore: The Williams & Wilkins Company, 1941. Jntc, 


$2.50. 
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CHRONIC CONSTRICTIVE PERICARDITIS. 

There has been much confusion in the use of the term adhesive 
pericarditis. Adhesions of the visceral and parietal pericardium may 
or may not interfere with cardiac function and therefore may or may 
not produce symptoms. In one autopsy series 46 " of 144 patients with 
partial and complete adhesive pericarditis only 57 (39.5%) presented 
complaints which made the heart the major issue in the clinical picture, 
and 47 of these had associated heart disease, leaving 10 with an adherent 
pericardium alone. Of the 47 with associated cardiac disease, 25 had 
rheumatic heart disease with aortic or mitral lesions or both. Adhe- 
sions vary from a few thin strands connecting the visceral and parietal 
pericardium to complete obliteration of the cavity, as well as external 
adhesions to the pleural and mediastinal structures— so-called medias- 
tino-pericarditis. 

Adhesive pericarditis may be classified into two varieties, that with 
constriction of the heart and that without. The non-constrictive 
variety may show partial or complete obliteration of the pericardial 
cavity as well as mediastinal adhesions. Symptoms arise in such 
patients upon two bases. The first is associated heart disease, which 
occurs frequently as stated above'. In such patients the cardiac 
symptoms find signs are almost invariably produced by the associated 
disease. This is true, for example, in rheumatic heart disease. Asso- 
ciated adhesive pericarditis, although produced by the rheumatic fever 
as the result of more acute forms, consists of light non-constricting 
adhesions which for the most part give few or no symptoms. The 
second is tugging and pulling on mediastinal structures by adhesions. 
This, if it produces marked angulation or torsion of the heart, could 
produce hypertrophy of the heart, obstruction to inflow and similar 
changes. 

There has been much dispute in the literature concerning the effect 
of non-constricting adhesions alone, without associated heart disease, 
upon the heart size and the production of cardiac hypertrophy.- 4 ' 26,32 - 37 - 39 
In some reports, hypertrophy is recorded; in others none was found 
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at all. Armstrong 1 has adequately reviewed this subject. With ad- 
herent pericardium as the only cardiac disease one autopsy series 450 
showed a widely varying heart weight with marked increases "in certain 
instances. _ iso instances of hypertrophy have been reported in several 
similar series. Hosier and Williams 26 believe that adhesions per se do 
not cause circulatory embarrassment unless extensive enough to cause 
cardiac compression. They found no instances of hypertrophy in the 
presence of extensive pericardial adhesions unless associated disease 
was present. In 76 patients the only instances of hypertrophy with 
pericardial adhesions occurred in 54 patients with assignable cause. 
In Smith and Willius 46a series coronary sclerosis and rheumatic heart 
disease were present in slightly over 21 % each, and hypertension in 
17.4%. Beck 3a does not believe that adhesions play a role in heart 
failure, cardiac dilatation or hypertrophy. Both his clinical and 
experimental evidence supported the view "that non-constricting adhe- 
sions were silent and incidental unless they produced twisting or angu- 
lation. Such adhesions form the picture which is often seen at autopsy 
when not at all suspected during life. Further evidence that complete 
adhesions between the two pericardial surfaces of and by themselves 
do not necessarily interfere with function to an important degree has 
been obtained by the deliberate production of adhesions by the intro- 
duction into the pericardial cavity of such materials as magnesium sili- 
cate or talc 48 and carborundum sand 23 to establish collateral circulation 
for coronary disease. This has been done in experimental animals, and, 
with talc, in humans without the development of cardiac embarrass- 
ment. The adhesive pericarditis of rheumatic heart disease falls into 
this class. Rheumatic fever, although it produces acute fibrinous 
pericarditis and pericarditis with effusion, eventuates in adhesions which 
are not thick, dense and constricting. Such changes may involve 
surrounding tissues at times drawing upon the mediastinal structures 
and chest wall. 

The adherent pericardium, when thickened and constricting pro- 
duces at times a typical and dramatic clinical picture. Chronic com- 
pression results from a variety of anatomic lesions, 30 for example, peri- 
cardial effusion, scar, and neoplasm, or a combination of these. A 
thickened contracting pericardium which may or may not be adherent 
is the usual cause. Beck has seen the picture produced by intermittent 
hemorrhage from sarcoma involving the pericardium, and some 0 
believe that a fibrous pericardium may interfere with cardiac function 
in patients with marked hypertrophy. The remaining remarks will 
be devoted to chronic constrictive pericarditis resulting from a thick- 


ened fibrous pericardium. _ . 

An historical review of chronic constrictive pericarditis has been 
given by White 510 and will not be repeated here. The term is applied, 
as stated above, to pericardial disease, producing a thickened unyield- 
ing coat which interferes with diastolic filling of the heart. I ick - gn\ e 
the name pseudocirrhosis of the liver to the disease, which in Ins ; patten s 
included not only mediastinopericarditis but polyserositis and chronic 
inflammation of "the pleura and peritoneum. Many terms have been 
applied to the disease. Besides Pick’s disease, chronic constrictne 
pericarditis and pericardial pseudocirrhosis of the liver, these m dude 
adhesive pericarditis, chronic obliterative pericarditis, eoncrefm pen 
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eardii, symphysis cardiaca, mediastino-pericarditis, Concato’s disease 
and polyserositis. The use and abuse of some of these terms has 
already been given. More will appear as the discussion progresses. 

Etiology. In many instances the cause of chronic constrictive peri-’ 
carditis rests upon unknown grounds. From what has already been 
said, rheumatic fever is not under suspicion. None of White’s 28 pa- 
tients had rheumatism and that is the experience of others. 1 There 
are, however, a number of reported patients 49 in whom a history of 
rheumatism has been obtained. However, it is difficult to evaluate 
the term in the light of rheumatic fever. In several instances where 
such a history has been obtained the autopsy findings in the heart did 
not bear out the presence of rheumatic valvulitis. 

Many possible etiologic agents have been considered. These include 
tuberculosis, syphilis, pericardial trauma, 18 and pyogenic involvement 
of the pericardium directly from the lung or by metastasis from foci of 
infection, for example, by streptococcus, 36 pneumococcus, 12 and staph- 
ylococcus. 8,30 The development of chronic constrictive pericarditis 
from acute inflammatory pericarditis produced by such infections has 
not been well understood, because of the long periods between the 
clinical pictures at times. The number of patients followed through 
in this way is increasing. In several reported instances also, pus 
pocketed in the constricting pericardium has shown the offending 
organism. 8,30 

Tuberculosis is definitely known to produce the picture 1,22 even 
though by the time the chronic stage is reached there is often doubt 
in the diagnosis. In Burwell and Blalock’s group of 19 patients, 6,7 
16 were considered to have tuberculous pericarditis, and in 11, tubercles 
were demonstrated microscopically. This is the only report with an 
appreciable incidence of tuberculosis. Others have obtained strikingly 
different figures. 1,3 * 1,31,510,6 Beck says that about 10% are tuberculous. 

Purulent pericarditis is known to eventuate in chronic constrictive 
pericarditis. In the past operative intervention for purulent peri- 
carditis has been condemned because of the frequent complication of 
obliterative pericarditis. 45 However, Shipley and Winslow’s reports 45,52 
include 39 cases to support the opposite view that fatal obliterative 
pericarditis is not the inevitable outcome. After 1 to 32 years, 35 pa- 
tients were alive, well, and working as usual. Two (5.13%) had 
pericardial symptoms. 

Purulent pericarditis 45 in most cases is attributed to metastases from 
foci of infection, such as osteomyelitis and other suppurative processes, 
especially pneumococcal, staphylococcal and streptococcal. Occasion- 
ally purulent pericarditis results from bullet and stab wounds. Puru- 
lent pericarditis tends to cause local adhesions anteriorly because the 
heart is said often to be against the anterior wall of the sac. In Shipley 
and Winslow’s case the exudate had pushed the heart forward into 
juxtaposition to the pericardium, producing adhesions. 

Many instances of chronic constrictive pericarditis cannot be traced 
back to acute pericarditis of known etiology. In only half of Smith 
and Willius’s series of 144 patients with pericardial adhesions were 
causes found for the changes seen. 460 In the 2S patients of White’s 
series 516 the etiologic agent was unknown in most instances. 

Age incidence varies through a wide range. In White’s series 



130 


PROGRESS OF MEDICAL SCIENCE 


again onset of the disease was noted from 5§ to 51 years. Only 5 pa- 
tients were beyond the age of 40. Others have seen older patients but 
in general it is primarily a disease of children and young adults Male' 
•are more often affected than females in a ratio of about 3 to 1 down 
to 2 to 1. It is interesting to note that the sex ratio, males to females 
in purulent pericarditis was 2 \ to 1 in 73 instances, 45 a strikingly simi- 
lar figure which again tends to associate purulent with constrictive 
pericarditis. 


Pathology. No attempt will be made to cover thoroughly the patho- 
logic aspects. The acute processes already mentioned above may 
progress to a chronic stage with thickening, fibrosis, calcification and 
constriction. The heart cannot relax sufficiently in diastole. As 
Sprague 47 states, the heart chambers are fundamentally normal but 
blood is prevented from entering them because of interference with the 
capacity of the chambers to dilate and receive blood because of the 
inelastic armor of the thickened pericardium. Complete adhesions of 
the visceral and parietal layers are not necessary but are the rule. 
One or the other layer or both may be chiefly responsible. This fibrosis 
may be localized or diffuse. The type of fibrous tissue differs from that 
seen in non-constrictive adhesive pericarditis. 1 It is thicker and denser 
with considerable hyalinization. The anterior surface is usually the 
area most involved, and pocketing of fluid which at times contains the 
causative organism occurs. Adhesions to the chest wall may be a part 
of the pathologic picture but are not a part of the clinical picture. 

Calcification occurs in a variable number of cases, according to 
White, 516 about one-third. Definite descriptions of calcified pericardium 
go back 200 years. 12 In 1924 Turner 49 in thoroughly reviewing the 
literature found some S9 cases and added 3 of his own. The diagnosis 
has been a rarity in the past but with frequent use of roentgenograms 
is becoming more and more common. A large number of known 
cases are not reported also. It is more often absent than present, in 
constrictive pericarditis and may occur in adhesive pericarditis without 
constriction. 1 It was present in 10.4% of 144 cases 463,6 having adhe- 
sions of all degrees. In Jones’ collected group of 56 patients with 
calcified pericardium, 28 he found 5 with a history of acute rheumatism, 

5 with vague rheumatic pains and 11 where absence of a history of 
rheumatism was absolutely stated. 

The cause of calcification is obscure. Tt is said to occur in dead or 


dying tissues and in inspissated exudates. Wells 50 made these state- 
ments in this journal in 1902. To him it seemed that calcification 
of adhesions was not common, and in his group of 4 patients calcifica- 
tion of inspissated exudates seemed more likely in such infections as 
the pneumococcus produces rather than in tuberculosis. Others 4 also 
believe that calcification is the end-result of inflammatory disease, 
more particularly that which is non-tuberculous. Hemorrhage into 
the pericardium is given as a cause of calcification. 

The effects of adhesions upon heart size have already been discussem 
The compressed heart of constrictive pericarditis is a quiet organ. 

It cannot dilate and receives too little blood so that it puts out oo 
little blood. Beck believes that such a heart can and does underg 

■itroDhv of disuse with reduced work. 

The relationship of polyserositis, so-called Concato s disease, to con- 
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strictive pericarditis is not clear. Constrictive pericarditis may occur 
with or without polyserositis and polyserositis with or without constric- 
tive pericarditis. The two frequently occur in the same patient. Poly- 
serositis is occasionally found in young individuals due to tuberculosis 
or associated with pneumonia or unknown cause. 516 The perihepatitis 
and perisplenitis, so-called frosted or iced liver and spleen, are regarded 
as part of a chronic peritonitis. The process, presumably infection, 
has associated with it exudation in the serous cavities, pleura, peri- 
cardium and peritoneum. 

The work of Beck 4 suggests that there may be a more close association 
between the iced liver and constrictive pericarditis than has been 
supposed. He produced chronic constrictive pericarditis in animals 
experimentally and found present in the abdomen of some of his animals 
changes in the liver associated with a fibrinous exudate not associated 
with infection, and presumably due to venous stasis. The question 
arises whether the process, had the experiment gone long enough, would 
have produced a sugar coating. 

Clinical Aspects. Subjective symptoms are usually of little impor- 
tance. Dyspnea may be present on exertion but the patient may lie 
comfortably on the back. Weakness, ease of fatigue, cough, anorexia, 
epigastric distress and swelling are frequent. There may be no symp- 
toms referred to the heart at all. The obliteration of the pericardial 
cavity with or without calcification may not cause sufficient constric- 
tion to produce symptoms or striking physical signs, and the diagnosis 
will turn up as a surprising one at autopsy when not at all suspected 
during an active life. Even when producing symptoms the evidence 
pointing to serious heart disease is meager. Epistaxis is not uncommon. 
Symptoms may be absent until introducing a progressively down-hill 
course or may be present and remain constant or vary through a 
certain range for years, thus producing chronic invalidism. 

The symptoms and signs occurring in chronic constrictive pericar- 
ditis have their basis in a mechanism entirely different from that of 
congestive heart failure and hence recognition is important because of 
the differences in prognosis and treatment. This mechanism is well 
shown in the hemodynamic studies which have been carried out by 
Burwell and his associates, 7,8,9 by Beck, 30,4 and by Heuer and Stewart. 25 
Congestion results from an inability of blood to enter the heart through 
inadequate diastolic filling rather than because of myocardial weakness 
as in the usual types of congestive heart failure. The heart therefore 
puts out less blood per beat. Measurement of the circulatory con- 
stants by the groups mentioned above shows an increased arteriovenous 
oxygen difference, an elevation of venous pressure, prolongation of the 
circulation time and diminution of the cardiac output per minute, 
stroke volume, and cardiac index (cardiac output in liters per square 
meter of body surface per minute). The total blood volume is increased. 

These findings fit in well with the concept of constriction and “inflow 
stasis.” The heart muscle is efficient and the valves not diseased, but 
there are reduced excursions of the heart and with exercise tachycardia 
is necessary to compensate for the inability to increase the stroke out- 
put. There are no remarkable murmurs. This has led Beck to in- 
clude: 1, a relatively small quiet heart with, 2, high venous pressure, 
and 3, ascites and enlarged liver, as the triad of findings in chronic 
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be distinguished from the opening snap of mitral stenosis, gallop 
rhythm and the physiologic third heart sound. 

A summary of the literature on the electrocardiographic changes in 
constrictive pericarditis has recently been published by Noth and 
Barnes. 38 Electrocardiograms usually show low and slurred complexes 
and T’-wave inversion simulating that of coronary disease. There may 
be slight right or left axis deviation and of course auricular fibrillation 
is not uncommon. All of these findings in whole or part may persist 
after operative cure. The Dieuaide test, 14 which measures the change 
in electrical axis of the electrocardiogram with change in position of 
the body, has been advocated in the past as an index of fixation of the 
heart. Fixation by adhesions, it was thought, would prevent motion 
and, besides detection by physical or Roentgen ray examination, the 
electrocardiogram would show no or little change with the patient on 
the right and left side. It has been shown, however, that with con- 
strictive pericarditis even with mediastinal adhesions the heart may be 
mobile, and when the heart is fixed the change in relationships to sur- 
rounding structures may account for changes in the electrocardiogram. 
Also in certain persons without adhesions especially with greatly en- 
larged hearts there may be no change with body shift. 

Roentgen Ray Findings. The Roentgen ray may show normal find- 
ings in some instances, but usually is an important aid in diagnosis. 
Lipiodol has been used to visualize the pericardial sac experimentally in 
animals 34 but it is not attempted in diagnosis in humans. The Roent- 
gen ray diagnosis of chronic constrictive pericarditis has been discussed 
in detail by Freedman. 17 Fluoroscopic examination is invaluable be- 
cause of recognition of respiratory changes in position and contour of 
the cardiac shadow and diaphragm. The fixation of the heart and 
thickening of mediastinal structures may be seen. Pulsations may be 
diminished and at times the borders hazy. Kymography is valuable in 
recording cardiac excursions as first shown in this country by Johnson 27 
and may be used to follow the progress of such patients postoperatively. 13 
Freedman points out that in the Roentgen ray investigation of sus- 
pected cases the most conclusive sign is calcification. Lateral views 
may be necessary for its detection and such shadows by position may 
indicate the pericardial thickness, which may reach 1 to 1.5 cm. The 
cardiac configuration shows no or little enlargement and characteristi- 
cally a triangular shaped heart. Other contours are found, however. 

In summary, the chief points in the clinical picture of chronic con- 
strictive pericarditis have been outlined by Sprague 47 as follows: 1, The 
patient is usually a child or young adult. 2, Ascites and hepatomegaly 
appear insidiously and often are out of proportion to peripheral edema. 
3, Venous pressure is elevated, often to three or more times normal. 
It remains elevated without fluctuations seen in congestive heart failure. 
Femoral venous pressure may be reduced somewhat by abdominal 
paracentesis. 4, Dyspnea may occur on exertion but in the absence of 
pleural fluid orthopnea is present. 5, Cyanosis consistent with venous 
engorgement is present and may be intense. 6, Heart size is usually 
normal but moderate enlargement may be found. 7, The heart is free 
from murmurs of significance. Auricular fibrillation may be present. 
S, Blood pressure and pulse pressure are low. Paradoxical pulse is 
common. 9, Broadbent's sign is absent. 10, Pleural effusions are 
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common. 11, Roentgen ray findings include calcification of the peri- 
cardium, limitation of cardiac pulsation, or limitation of pulsation of 
the right border, dilatation of the superior vena cava, dilatation of the 
auricles, prominence of the left upper border, and pleural thickening 
bull the examination may be essentially negative. 12, Electrocardio- 
graphic findings include low voltage and inverted T waves of the coronarv 
type. 

Diagnosis. Importance of proper diagnosis and differentiation from 
the usual types of congestive heart failure lies in the entirely different 
form of treatment, and the good prognosis following the success of 
operation. There is no pathognomonic sign and one must seek out all 
available . findings by all methods of examination, history, physical 
examination and laboratory. 516 The history of previous acute peri- 
carditis, either wet or dry, is helpful but such a history is not always 
obtainable. On occasion the development of the picture from acute 
pericarditis is seen by one observer. The development of the clinical 
picture already described above, especially the evidences of congestion 
with increased venous pressure, hepatomegaly, ascites and little clinical 
evidence of heart disease on examination of the heart itself, should 
lead to further investigation for the important findings already given 
to establish the diagnosis. Other conditions producing interference 
with venous inflow to the heart as well as other causes of edema and 


ascites must be ruled out. These include congestive heart failure, poly- 
serositis, cirrhosis of the liver and simulating lesions, inferior vena caval 
syndrome, and nutritional edema. 

The localized hemodynamic changes of cirrhosis of the liver should 
clearly differentiate it. However, atrophic cirrhosis of the liver may 
be found associated with constrictive pericarditis. The same confusion 
which occurs in differentiating cirrhosis of the liver might cause diffi- 
culty with Chiari’s syndrome (thrombosis of the hepatic veins), which 
produces a large liver, ascites, with rapid reaccumulation following 
tapping, as well as a number of other findings. 29 

The inferior vena caval syndrome may be confused with constrictive 
pericarditis for reasons similar to those above. A normal heart would 
be expected. Recently there has been reported a patient 20 with autopsy 
proof of inferior vena caval obstruction showing rapidly recurring 
ascites, paradoxical pulse, increased venous pressure in the upper ex- 
tremities as well as in the lower extremities, together with electrocardio- 


graphic changes characterized by low complexes. 

Nutritional edema usually presents a satisfactory history, lowering 
of the blood protein, normal venous pressure, a clinically normal heart 
and liver, and ascites that is not as prominent as in constrictive peri- 
carditis. Another nutritional state which could possibly cause confusion 
is beriberi, since minimal findings are found over the precordium with 
enlarged liver, peripheral edema, and ascites. However, the history 
together with evidences of polyneuritis, absence of evidence of cardiac 
constriction, and the reaction to treatment should make the differentia- 
tion a simple one. Beriberi heart without polyneuritis has been reported. 

Remarks concerning polyserositis have already been made and ui 
not be repeated. With both diseases present simultaneously, the pic- 
ture is confusing. Evidences of infection, the clinical aspects already 
described, and the differentiation of transudates and exudates is 
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importance. It appears that pericardial fluids in the absence of in- 
flammation may contain large amounts of protein, 35 and although 
ascitic and pleural fluid in transudation is poor in protein, it is not 
always easy to differentiate transudates and exudates. 

Other cardiac states with congestion must be ruled out, particularly 
mitral and tricuspid stenosis. The rarity of tricuspid disease and the 
frequency of its association with mitral stenosis is helpful particularly 
if themitral disease is evident. Tricuspid stenosis has many circulatory 
changes in common with chronic constrictive pericarditis. 7 The cir- 
culatory changes rest upon an inability of blood to enter the heart, 
elevated venous pressure and its effects become evident, and digitalis 
and rest are not very helpful, because of the mechanical rather than 
myocardial disturbance. Mitral stenosis usually offers but little diffi- 
culty. The diastolic murmur is not seen in constrictive pericarditis, 
but, despite different characteristics, the protodiastolic pericardiac 
vibration has been confused with it. Congestive heart failure may 
make the murmur of mitral stenosis difficult to hear and enlargement 
of the heart may displace it from the usual area of auscultation. Auricu- 
lar fibrillation occurs in both. However, the heart may be greatly 
enlarged in mitral stenosis, axis deviation in the electrocardiogram may 
be extreme and other evidences, such as fluoroscopic examination may 
help clear up the confusion when it does exist. 

Prognosis. The prognosis for life varies greatly. In those develop- 
ing symptoms of cardiac constriction, although the disease has obvi- 
ously been present for a long time in an extremely active individual 
without any complaints, the course may be rapidly down-hill with 
death in some months. The disease is compatible with a long life, but 
activity may be impaired to a mild or marked degree making the indi- 
vidual a chronic invalid, subjected to periods of bed rest, even hundreds 
of abdominal paracenteses, and continual control of activities. With 
surgical treatment to relieve the constriction, however, if the diagnosis 
is adequate and if complicating disease is absent, cure may be dramatic 
and startling. A chronic invalid may again become a normally func- 
tioning individual. This is, however, not a blanket statement. In 
White’s series, 11 of 28 were functionally cured by surgery. In Church- 
ill’s 37 collected cases 11 with decortication, of 32 there were 19 (59%) 
with excellent results. The mortality rate was 21.8%. Schmieden 
and Westermann 44 report 6 of 22 patients (27.3 %) with full recovery, 
6 (27.3%) markedly improved, 1 (4.5%) who died at operation, 7 
(31.9%) who died postoperatively and 2 (9%) who died after transitory 
improvement. Some of these patients are duplications of the above 
series. Churchill’s patients are included in the group reported by 
White. 515 Heuer and Stewart 25 reviewed the literature on the surgical 
treatment and found, as the above figures show, that although results 
from operation are striking, primary mortality of decortication of the 
heart is still high (33%), a value comparable to that of Harrington and 
Barnes. 21 Of 143 cases in the literature exclusive of their own, 19 died 
on the operating table and 28 in the immediate postoperative period, 
32,S% of the entire number, and of 135 with available data, 54 (40%) 
died during or soon after the operation. All of their 7 cases recovered. 
Of 143 there were 50 (36.6%) cured and 25 (17.4%) improved. Imme- 
diate effects, that is for several months, were striking although it may 
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take up to a year for full benefit to be obtained. Cures up to 18 years 
are on record and many patients have remained well for 2 to 3 years 
or more. Paessler ,« in an investigation of 71 cases, concluded that late 
results were not as favorable as early ones seemed to promise. He 
believes that improvement has in an appreciable number of cases been 
followed m some years by ill-health with a variety of manifestations 
not representing constrictive pericarditis, and he suggests that chronic 
constrictn e. pericarditis is one manifestation of a general process and 
that operation may not be sufficient for cure. 

The high mortality appears at first to be striking, but in an incapaci- 
tating and fatal disease, improvement or cure of 60% of the patients 
subjected to surgery is an important record. 25 Also only 8 surgeons 
at the time of Heuer and Stewart’s report in 1939 had operated on 5 
or more eases, and it is expected that with better diagnosis and selection, 
with improvement in care and with added experience the results will 
improve. Benefit from surgery is to be expected only when constriction 
is the cause of the symptoms and when other causes of cardiac disability 
are absent. 


Eliason and Brown 16 point out that it is impossible to conceive of a 
pericardiectomy wound healing after constrictive pericarditis without 
adhesions tending to fix the heart to the sternum and surrounding 
structures. But these adhesions, unlike the thickened constricting 
ones removed, are apparently of no clinical importance. It has already 
been stated that adhesive pericarditis without angulation or constric- 
tion of the heart gives no important symptoms. Postoperative adhe- 
sions clinically, at autopsy, and at other operations 36 have been seen 
to produce nothing in the way of disability of the heart. In some of 
the patients the follow-up is not sufficiently long to ensure the absence 
of such a complication. 

Treatment. Many factors concerned in treatment have already 
been given and will not be repeated. Medical treatment has little 
fundamental effect and is temporary. Venous pressure is not reduced 
to normal. Rest is helpful, but with return to exercise, the condition 
is aggravated and the symptoms and signs again become worse. The 
patient is a semi-invalid or at times is completely bedridden. Measures 
effective in other types of edema are helpful, for example, restriction of 
fluid and salts, the use of diuretics and paracentesis. Diuretics, particu- 
larly the organic mercurials, are useful and have benefited patients over 
long periods of time when operation has not been considered, as well as 
to prepare the patients for operation. Abdominal and thoracic para- 
centeses are helpful and often necessary procedures in. preparation for 
operation and in carrying the patient along if operation is not done. 
Abdominal tapping lias been done once or twice weekly for even 


hundreds of times. 

Digitalis is not advocated by many authorities. Improvement will) 
its use is not striking and the mechanism of production of symptoms 
shows why. If it reduces the pulse rate without the heart being able 
to compensate in its output by an increased stroke volume of blood, 
circulatorv embarrassment would increase. V fth a fixed output per 
beat the onlv way the heart can increase its output per minute is by 
increasing the rate.' Reducing the rate would be unfavorable if it 
dropped below the optimal level. However, it is stated- that pro- 



MEDICINE 


137 


operative digitalization may be advisable, for the underworked heart 
which has atrophied is suddenly burdened with increased work at 
operation and might be usefully supported by digitalis. European 
workers 44 have used strophanthin in the same way. With auricular 
fibrillation digitalis may be beneficial. 

For the surgical treatment the interested reader is referred to the 
recent reviews of the literature by Heuer and Stewart , 25 Beck , 35 and 
Harrington and Barnes . 21 Details of preoperative preparation, opera- 
tive procedures, anesthesia and postoperative care may be found there. 
Remarks on preoperative bed rest, restriction of salt and fluids, use of 
diuretics and digitalis and paracentesis have already been given. 

The actual operative procedure consists of a Delorme decortication 
of the heart. Churchill 11 was the first to do this operation in this 
country and was followed by Beck 4 and others until it is done quite 
extensively today. Resection of the adherent thickened pericardium 
is done and the excellent results already given above are obtained when 
constriction as evidenced by small pulse, increased venous pressure, 
small heart and other findings already mentioned are the cause. The 
cardiolysis of Brauer 6 which consists of removal of some of the rigid 
parts of the thoracic cage to permit a retraction of the chest wall when 
the heart is adherent to it, relieves tugging and would be important if 
such tugging were important. It does not help diastolic filling from con- 
striction, the main difficulty in chronic constrictive pericarditis. 

Decortication does not always give an immediate dramatic change 
in the circulation in indicated cases. In Eliason and Brown’s case, 
several days elapsed before improvement, which progressed slowly over 
several weeks and which in certain instances has continued up to a 
year. White 510 noted a lapse of several days before diuresis begins and 
the same is true of Beck’s patients 30 in whom it has taken some days or 
weeks for venous pressure to drop and diuresis to take place. 

William A. Sodeman, M.D. 
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PEDIATRICS 

UNDER THE CHARGE OF 

ALVIN E. SIEGEL, M.D., 

MACON, GEORGIA. 


DIABETES MELLITUS IN INFANCY AND CHILDHOOD. 

Many diseases have been rendered less hopeless by the developments 
of diagnostic and therapeutic improvements. To many physicians, 
especially those whose professional life antedates the end of the first 
decade of the present century, the diagnosis, treatment and, conse- 
quently, the prognosis of certain diseases are at a total variance with 
the teaching of these conditions when they were medical students. 
In no disease has there been a more complete change than in diabetes, 
especially in childhood. In the 1909 edition of his “ Diseases of Infancy 
and Childhood,” Holt 12 devoted a scant 2 pages to the consideration 
of diabetes mellitus. The following is Ids introductory paragraph: “In 
this chapter will be attempted only a description of the peculiar features 
which diabetes presents when affecting young patients. It is a very 
infrequent disease in children. Of 1360 cases of diabetes^ collected b\ 
Pavy, only S were under 10 years of age. In a series of TOO cases co - 
lected by Prout, only 1 case was under 10 years of age. In a series ot 
380 cases collected by Meyer, only 1 case was under 10 years of age. 
His discussion of prognosis is also of so much interest in comparison 
with prognosis now that this paragraph is quoted: In few diseases is 
the prognosis so bad as in diabetes in children. So high an authont) 
as Senator declares that diabetes in children is hopeless and all treat- 
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ment is useless. From a study of 77 cases, Stern reaches the same 
conclusion. There are, however, cases on record in which recovery is 
believed to have taken place. The cases that I have seen have all ter- 
minated unfavorably. In a given case the prognosis, as to the duration 
of the disease, is rendered much worse by the presence in the urine 
of diacetic and oxybutyric acids. This condition is even more serious 
than is a high percentage of sugar; that the patient will then live more 
than 3 months is highly improbable.” 

In his 1919 edition, Kerley 14 stated “True diabetes in children is, 
fortunately, a comparatively rare disease.” Under the heading “ Dura- 
tion of the Disease” he stated, “Few cases live longer than a year. 
The majority of the cases terminate fatally in from 3 to 6 months.” 
Under “Prognosis” he stated, “All my cases died within a year after 
the diagnosis was made. True diabetes is a fatal disease in children.” 

In his 1919 edition, Griffith 10 gave a slightly more optimistic outlook 
when he said, “ . The final prognosis in children is very unfavorable, 
if care is taken to exclude from the list cases not certainly diabetes, 
such as instances of transitory or alimentary glycosuria. Yet under 
newer methods of treatment the prognosis does not appear to be so 
uniformly bad as was formerly considered to be the case, and it would 
appear, as pointed out by Reisman and others, that the disease at this 
time of life may sometimes run a mild course and terminate in recovery.” 

The early advances in the treatment of diabetes are attributed by 
Garrison 8 to the dietetic studies of von Noorden (1895-1911), the exten- 
sive studies of Graham Lusk (1898-1915), F. G. Benedict and Joslin 
(1910-1915) and the effects of the fasting treatment of F. M. Allen 
(1915). While some improvement in prognosis followed the dietetic 
treatment, the most marked advances followed the introduction of 
insulin and the development of a combined dietetic and insulin treat- 
ment of this disease. 

In 1923 following the introduction of insulin, Strouse 28 in Abt’s 
“Pediatrics” ended a consideration of some length with the following 
prognosis: “In discussing prognosis of diabetes in children, scientific 
judgment must be tempered by philosophical understanding of the 
difficulties of accomplishing the very exacting conditions demanded by 
ideal treatment. A purely scientific prognosis might be given on a 
theoretical supposition that all conditions of treatment can be fully 
met. Under such conditions, for reasons already given in the body of 
this study, one can say with certainty that at present .the diabetic child 
has a decidedly better chance than he had 10 years ago. With the 
improved method of treatment the average diabetic child today lives 
longer than he did in the past decade; and if it were possible to main- 
tain ideal conditions for a long period of time in all diabetic children, 
it might be possible likewise to increase the span of life considerably 
more. Unfortunately, however, the life of such a child cannot be 
lived within the walls of an institution or under the constant control of 
authorities. At times of delicate balance in the metabolism, the dia- 
betic child may have to go to school or play in the street with other 
children. Any normal contact of this child with the world submits 
him to the dangers of nervous influences (excitement or worry) which 
might easily be the straw to break the back of his metabolism. Any 
normal contact with a few pennies in his pocket, may bring him to 
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the corner store and i ts alluring display of cheap candv or cake The 
sugar hunger is likely to overwhelm him, and a carbohydrate spree 
results. Many of the children whom I have seen with diabetes have 
gone into coma after such carbohydrate spree.” 

In the more recent literature there is a more optimistic attitude 
towards diabetes m the young. Although there has been improvement 
in the situation, the child diabetic has many pitfalls that may prove 
disastrous. Selaoder 23 followed a number of cases after they left the 
hospital and was able to obtain reports of 155 children out of 156 
treated with insulin. Of these, 27 (17.4%) had died. The morbidity 
during the 5-year period from 1935 to 1939 did not show a decline in 
comparison with the preceding 5-year period. The cause was found 
in an increased mortality among the group over 16 years of age, which 
was more numerously represented in the last 5-year period. The dura- 
tion of the diabetes among those who died during the period of 1925 
to 1929 was 2.2 years on an average, during the period of 1930 to 1934 
on an average of 4.5 years and during the period of 1935 to 1939 on an 
average of 7.4 years. Coma as a cause of death was found to have 
decreased during each 5-year period, while tuberculosis had taken the 
lead during the last period as the most frequent cause of death. There 
were no certain complete cures observed in any case of diabetes. 

McDaniel, Marble and Joslin 16 studied the records of diabetic patients 
for the purpose of discovering any analogies between the cause of their 
diabetes and that produced experimentally in animals and to see if 
any patients could be found who seemingly were cured or had benefited 
by early energetic treatment. The records of those few patients were 
studied in whom at postmortem examination there were microscopic 
evidence of hydropic degeneration of the islet cells. Recent work has 
shown that at this stage of degeneration of islet tissue the process is 
reversible. The data showed that, although no cures can be claimed, 
early, vigorous treatment in certain patients with a restricted diet or 
insulin or both seemed to have brought about an unexpected degree of 
improvement. Many other patients, treated in a like manner, re- 
sponded with only the expected improvement. Resting procedures, 
such as fasting, fat feeding and insulin, prevent the degenerative 
changes from occurring in cells not already affected, and permit the 
restoration of those exhausted cells, which still retain, the ability to 
recover. They feel that diabetes is never complete until death occurs 
as there are always some functioning islet cells and to keep them in a 
functioning state is the main goal of treatment. It is their policy to 
begin rigorous treatment with insulin and a low carbohydrate diet 
with the required calories made up in fat. If, after a few weeks, there 
were no signs of improvement they would increase the. diet to one of 
moderate carbohydrate restriction, assuming that by this time all beta 
cells which could recover had done so. They would be. extreme^, s ow 
in reducing the insulin dosage and diligent in its use with lntcrmitten 
infections. They believe that the diabetic patient should be taught 
to guard his islet tissue as he does his toes and limbs. 

The presence of sugar in the urine is not necessarily evidence of the 
presence of a true diabetes. Bayer and Davis 2 stated that it is espe- 
cially difficult to rule out diabetes in children. Since the variation-, 
of blood sugar in the normal child are so great, normal readings ar 
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always a guarantee of normal sugar metabolism. It is unfortunate to 
view too gravely a repeated glycosuria of dubious significance. They 
presented a series of cases which gives support to the optimistic outlook 
with regard to the prognosis of children with atypical glycosuria. 
Between 1923 and 1938 some 50 children passed through the pediatric 
ward of Stanford University School of Medicine with a diagnosis of 
possible diabetes mellitus. The glycosuria of 9 of the children was 
either considered non-diabetic or called diabetic with definite reserva- 
tions on the part of the staff. In the spring of 1939, from 2 to 11 years 
after the original diagnoses were made, it was possible to recheck every 
one of these 9 patients. It was found that only 1 of them was diabetic. 

Goettsch and Mason 9 reported a case of lead poisoning with glyco- 
suria. They carried out studies on this patient which showed that the 
height of the blood sugar was consistently normal or lower than nor- 
mal and that the urinary concentration of sugar remained relatively 
constant irrespective of the diet. The glycosuria persisted for 5 weeks, 
and the concentration of urinary sugar fell as convalescence progressed. 
The studies were compatible with the suggestion that the condition in 
lead poisoning should be classified as a renal glycosuria. This is sup- 
ported by a survey of 8 cases of lead poisoning with glycosuria in chil- 
dren. In 5 of these cases, in which determinations were made, the 
blood sugar values were normal. In 3 cases, in which dextrose toler- 
ance curves were obtained, the curves were not of the diabetic type. 

The question naturally arises as to what are the normal blood sugar 
values in children. Rudesill and Henderson 22 made 288 blood sugar 
determinations by the Folin-Wu method on 144 non-diabetic children 
from 2 to 15 years of age. They made readings on both the fasting 
specimens and those made at 11 a.m. on the same day. They found 
that there was no practical difference in the blood sugar values. By 
the Folin-Wu method normal fasting blood sugar values in non-diabetic 
children was found to be from 70 to 105 mg. per 100 cc. They felt 
that the values for the normal amounts of fasting blood sugar was of 
the greatest usefulness in the study and treatment of diabetes mellitus. 
Since slowly acting insulins have come into general use, there are more 
often needed figures for normal limits as a guide in therapy. In order 
to know the normal blood sugar level in a child, the normal upper and 
lower levels must be known. The range of normal values can be safely 
considered to be between 50 and 110 mg. per 100 cc., but probably it 
should be placed between 60 and 100 mg. per 100 cc. since practically 
all values are found to be within these limits. Levels for children 
between 2 and 15 years of age had the extreme range of 52 to 115 mg. 
per 100 cc., but there were only 5 instances in 2S8 tests which did not fall 
between 70 and 105 mg. per 100 cc. While an occasional value may be 
reported as slightly lower or slightly higher than these figures, it is a com- 
paratively rare exception since 98 % of these readings were between 70 
and 105 mg. per 100 cc. These observations also showed that blood 
sugar values determined 34 hours or longer after meals may be sub- 
stituted for fasting blood sugar values in clinical practice. 

McKittrick 17 made determinations of values for blood sugar for 
73 normal newborn infants and 1 infant of a diabetic mother. During 
the first week of life low values were found. The lowest point was 
reached by the average baby on the third day. Values for blood sugar 
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above 40 mg. per 100 cc. were regarded as normal in the first week of 
ion Liunng t ie seconc * w eek the range was found to be from 60 to 
r mth the avera ge between 80 and 90. During the first 2 weeks 
of life a gradual elevation of the level of blood sugar occurred, with a 
decrease in the spread of the maximum and minimum extremes. The 
blood sugar regulating mechanism of the newborn infant is unstable 
and undergoes an alteration towards greater stability during the first 
2 weeks of life. 


Diabetes is classed as one of the familial diseases. For this reason 
the children of diabetic parents are expected to inherit the tendency 
to have this disease. As far as the newborn is concerned the opposite 
state is sometimes observed during the neonatal period. Smyth and 
Olney- 1 studied 19 infants born of women whose pregnancy was con- 
sidered to have been complicated by diabetes. In 14 of the mothers 
glycosuria appeared only with gestation and was controlled by diet or 
by diet and the temporary use of insulin. This suggested that the gly- 
cosuria was from other causes than diabetes. Of the entire group, 
11 gave birth to excessively large infants. The infant’s blood sugar, 
even allowing for predelivery insulin, was low. In 2 of the infants 
projectile vomiting and cyanosis were striking features, and these were 
doubtless related to persistent hypoglycemia. The use of subcutaneous 
glucose was extremely valuable in carrying the infants through the 
critical period until an apparent adjustment was made. A follow-up 
of 1 patient showed a hyperinsulin-like sugar curve at the age of 4 years. 
The reports of postmortems of infants born of diabetic mothers vary. 
In some no hyperplasia of islet tissue has been found, and the hypo- 
glycemia must be considered functional in type. In others, the finding 
of hypertrophy and hyperplasia of the islets of Langerhans explain the 
hypoglycemia. The relative macrosomia, advanced bone age and 
more mature genital tract suggest a pituitary effect. Complete endo- 
crine pathologic study was reported but the interrelationship was best 
described as dysfunction. Perhaps some interrelationship will be 
found to account for the mild as well as the fatal hypoglycemia of the 
newborn infant. 


Miller and Ross IS stated that the belief is widely held that the hypo- 
glycemia of newborn infants, whose mothers have diabetes, is the cause 
of the cyanosis, muscular twitchings. convulsions and occasionally the 
death of the infant. They question whether or not the hypoglycemia 
so frequently observed in these infants is as significant in the production 
of symptoms as is generally supposed. They stated that, without 
more facts than are at present available, a discussion of the effect of 
hypoglycemia on the newborn infant must be largely conjectural. 
There are two outstanding facts. Low concentrations of blood sugar 
are to be expected in infants of diabetic mothers, and difficulties seem 
to occur more frequently in these infants than in those whose mothers 
do not have diabetes. Occasionally they found low concentrations o 
blood sugars in infants who presented no abnormal findings in the neo- 
natal period and whose mothers did not have diabetes. The average 
blood sugar concentration in infants born of diabetic mothers was sig- 
nificant! v lower than in normal full term infants. However, the blow! 
sugar concentration in some full term babies was as low as that o 
infants of diabetic mothers. In normal premature infants the blood 
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sugar readings were practically the same as those of infants of diabetic 
mothers. The low blood sugar level in normal infants did not, as a rule, 
produce symptoms as these infants seemed to adjust themselves to 
the low concentration. 

Sisson 24 pointed out that the infants of diabetic mothers showed a 
high morbidity and mortality rate. He studied 65 consecutive cases 
of infants, whose mothers had diabetes. He remarked that such a 
group of infants was non-existent two decades ago before the insulin era. 
Women with diabetes either did not become pregnant or failed to give 
birth to a living child. Since the use of insulin the fecundity of the 
diabetic woman has increased greatly and the juvenile diabetic patient 
has reached the childbearing age. For these reasons there are increas- 
ing numbers of pregnant women with diabetes mellitus and conse- 
quently an increasing number of babies of diabetic mothers. Diabetic 
mothers still have a large number of miscarriages and stillbirths. There 
has been a great variation in the mortality rate and in some reports 
the rate has been as high as 40 %. Another observation has been that 
these babies are unusually large so that they are frequently called 
“ giant babies.” There has been no evidence that the skeletons of such 
babies are larger than normal or that the babies develop into larger 
types. Another conception from previous studies has been that these 
infants are frequently born with hypertrophy of the islands of Langer- 
hans. Recent work has shown that the majority of the infants studied 
have this condition, although it may also be found in normal infants. 
This series of 65 infants of diabetic mothers was divided into three 
groups. The first group consisted of 37 babies who were normal at 
birth and whose course during the neonatal period was uneventful. 
This group included a few infants who were somewhat sluggish in 
breathing and who had minor degrees of cyanosis, but who were not 
thought to be different from a great many babies usually regarded as 
normal. It was found that 35% of this group were born of mothers 
who had diabetes for from 10 to 20 years and that 7S% of them were 
delivered by Ctesarean section. Also S6% were delivered between the 
eighth and ninth months of gestation. The second group consisted of 
16 infants who survived but who presented definite major symptoms, 
which generally occurred directly after delivery. These symptoms 
were not uniform, but were primarily respiratory with depressed reflexes 
and difficulty in eliciting crying. These symptoms usually persisted for 
the first 24 hours and rarely lasted more than 2 days. Oxygen usually 
improved the condition but parenteral dextrose was without much 
effect. In this group of 16 infants 31% of the mothers had diabetes 
for from 10 to 20 years. About a third of the mothers showed definite 
signs of preeclamptic toxemia with elevation of blood pressure, edema 
and albuminuria. Caesarean deliveries were made in 50% of this group 
and all were born between the eighth and the ninth months of gestation. 
None of these infants were of abnormal size. The third group con- 
sisted of 12 infants of diabetic mothers who died within the first 3 days 
of life. There was a great variation in the symptoms and there was no 
common cause of death. The mortality rate was 1S%. 

The question of heredity in the etiology of diabetes is one that has 
received a great deal of attention. Hildegarde Then Berg 29 in Munich 
has been making a study with a basic material of some S5,000 diabetics 
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fn S f f fr ' C 4H . Pairs , ° f twlns - In 147 of these pairs she 

found that 46 were enzygotic and 87 were dizygotic, while the exact 
zygotic origin of two pairs was open to question. Twelve pairs were 
found not to have diabetes. A pair of twins was termed absolutely 
concordant if each twin of the pair was at the time of the examination 
suffering from a manifest diabetes mellitus with demonstrable excretion 
of sugar in the urine. If 1 twin, although not manifestly ill and passing 
normal urine, showed by the tolerance test that the insular system 
was unable to metabolize a tolerance test dose of twice 20 gm. of de.x- 
tiose, the pair was termed concordant according to tolerance. A group 
called discordant according to tolerance was also distinguished. Among 
these the dextrose tolerance test of the twin who was not manifestly ill 
revealed a normal blood sugar curve, which, after fasting, was not above 
120 mg. per 100 cc. This curve at its peak did not exceed ISO mg. per 
100 cc. After 40 minutes in the second tolerance test with dextrose it 
showed no further rise, and finally, after 120 minutes, it returned to 
normal. Termed probably discordant were those twins who could not 
be examined because they had already died but who, according to the 
histories of their cases, appeared not to have been affected with manifest 
diabetes mellitus. According to this part of her study 17 pairs of 
enzygotic twins were absolutely concordant, 13 were concordant accord- 
ing to tolerance, 6 were discordant according to tolerance and 10 were 
probably discordant. Of the dizygotic twins 9 pairs were absolutely 
concordant, 9 were concordant according to tolerance, 32 were discor- 
dant according to tolerance and 30 xvere probably discordant. The 
author is thought to have proved on this large group of twins that 
diabetes mellitus was purely hereditary. 

Fischer 7 stated that diabetes was rare in twins, especially in childhood, 
and that the opportunity to study the non-diabetic twin rarely pre- 
sented itself. He claimed that his presentation vms the first of this 
type to be described. It was expected that the non-diabetic twin 
would show' a decreased tolerance for dextrose. She was studied 


3 times. The first curve was obtained soon after the diabetes was 
observed in her twin. The second was made about a year later after 
an infection and showed a decreased tolerance for dextrose. This might 
have signified impending diabetes but on repeated examinations the 
urine showed no dextrose. The last curve was made some 3 years later 
and was normal. . From statistics it might be expected that this mem- 
ber of the pair will manifest diabetes later although there has not been 
any evidence to the effect as yet other than a temporary decrease of 
dextrose tolerance after an infection. 

Brown and Thompson 3 made a study on the data pertaining to body 
growth, intelligence, heredity, sex distribution and incidence of acute 
fnfections of 60 juvenile diabetic patients. The group of patients 
included in this study appeared to be typical of the juvenile diabetic 
population of Minnesota and apparently representative of the genera 
child population of the state as regards socio-economic status, race and 
•wwaphic distribution. While one-third of the patients reported 
having had some acute infection other than the common cold within 
G months of the onset of diabetes, the group, on the whole was as 
healthy as the non-diabetic siblings except for acidosis and insulin 
reactions Limited measurements of this group revealed no consistent 
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or peculiar deviations from the average in height. The diabetic children 
were significantly underweight only during the first G months of their 
disease. In contrast to the superior intelligence shown by Joslin’s 
diabetic children, the intelligence of this group showed no deviation 
from the average and no significant deviation from that of the control 
group of non-diabetic children or from the average of Minneapolis 
children. There were no characteristic abnormalities in personality. 

According to White 3 ® the search for clinical evidence of endocrine 
imbalance in juvenile diabetes has become imperative because the 
results of present-day physiologic research indicate that experimental 
diabetes is a disturbance of endocrine regulation. The importance of 
these investigations rests not only with the fact that from the combined 
data of the laboratory and the clinic the mechanism of diabetes may 
be explained and its cause and prevention indicated, but also with the 
possibility that a more nearly perfect form of treatment may be devel- 
oped. She presented data on 1250 patients with juvenile diabetes. 
The onset of the disease had occurred prior to the age of 15 years. In 
this group, there were 177 patients who showed prolonged hypophyseal 
involvement. Of the 177 patients, in 176 the anterior lobe of the hypo- 
physis was concerned. Of these, 9 showed evidence of hyperactivity 
and 168 had manifestations of hypoactivity. Among these patients 
were 94 dwarfs, 22 with Froelich’s syndrome and 51 with signs of 
infantilism. Only 1 patient had signs and symptoms related to the 
posterior lobe of the hypophysis. None of the 1250 patients showed 
signs of deficiency of the thyroid gland, but 3 had signs of hyperthy- 
roidism, 1 had possible adrenal disturbance and 28 had lesions related 
to the gonads. All presumably showed hypofunction of the pancreas, 
but 2 presented signs of hyperinsulinism in addition. Disturbances of 
the liver were noted in 65. This may or may not have been endocrine 
in origin. The juvenile diabetic patient showed evidence of a disturbed 
hormone balance. There was striking evidence of hyperactivity of the 
pituitary body in the pre-diabetic stage, followed by diminution of 
activity which in its most extreme form occurred in the diabetic dwarf. 

The effect of a preceding injection of diabetic blood as compared with 
normal blood on the response of the rabbit to insulin was studied by 
de Wesselow and Griffiths. 5 The animals were starved IS hours before 
the experiment. Inspection of the curves showed that after injection 
of 10 cc. of plasma obtained from 9 non-diabetic middle-aged subjects 
and 7 young diabetic patients, all but 2 of whom had been receiving 
insulin for some time, there was no appreciable alteration in the form 
of the blood sugar curve during the period following the injection of 
insulin. In the case of 16 elderly diabetic subjects with abnormally 
high blood pressure, the majority of whom were overweight and of 
whom only 3 were receiving insulin, it seemed that a preliminary injec- 
tion of the plasma into the animals resulted in an early arrest of the 
fall in blood sugar after insulin. Associated with this premature arrest 
there was a very definite tendency for the blood sugar to be higher 
than the control values during the remainder of the experiment. This 
effect of a diminished fall and a more rapid restoration of the blood 
sugar after the injection of plasma of these patients was particularly 
evident in 6 of these 16 patients. During the second period of 30 min- 
utes following the injection of insulin the blood sugar had already 
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begun to rise and after 60 minutes the average blood sugar exceeded 
the initial value. In these respects the curves obtained after injection 
oi plasma were m sharp contrast to those of the first two groups of 
patients. The conclusion was that the blood plasma of some elderly, 
obese, glycosuric patients was found to diminish the hypoglycemic 
action of insulin in a manner closely resembling that observed by other 
workers with extracts of the anterior pituitary gland. They felt that 
the knowledge of the metabolic disturbances in diabetes would un- 
doubtedly be considerably extended as the thesis that the anterior 
pituitary gland and the pancreas act antagonistically in the control of 
carbohydrate metabolism is developed. Any alteration in the balance 
of those opposed influences must lead to abnormal carbohydrate 
metabolism. 


Aside from the dysfunction of the pancreas, the other endocrine 
glands participate in the metabolic disturbances of diabetes mellitus 
and complicated regulatory hormonal mechanisms, which are con- 
trolled by the vegetative nervous system, are present. In experiments 
on animals, true diabetes can be produced by injection of prehypophy- 
seal hormones. Strauch 27 reported a very instructive case which throws 
light on the mutual relations between the hypophysis and diabetes 
mellitus. This patient was 17 years of age and had suffered from 
exhaustion, bad memory and retardation of growth for 2 years. Exam- 
ination showed underdevelopment, flaccid musculature, and accumula- 
tion of fat, especially in the lower part of the abdomen, hips and thighs. 
The structure of the body was normal without any feminine traits and 
the patient was normal psychically. The internal organs were normal. 


The genitals were very small and axillary and pubic hairs were com- 
pletely absent. Treatipent was started with testicular preparations 
but resulted only in diminished exhaustion and improved temper. No 
improvement of the other pathologic signs could be obtained. Pre- 
hypophyseal treatment was then instituted. Within 1 month the pubic 
hair began to grow and the fat accumulations diminished in size. 
Within 6 months the patient grew 5 cm. and his school work improved 
considerably. Six months after the beginning of treatment, excessive 
hunger and violent thirst appeared and soon afterwards sugar and 
acetone were found in the urine. The patient complained of exhaustion, 
restlessness and irritability. On admission to the hospital a blood sugar 
value of 326 mg. per 100 cc., 4.8% of sugar in the urine and large 
amounts of acetone and diacetic acid were demonstrable. A typical 
preeomatose condition with cardiovascular disturbances was present and 
could be controlled by administration of insulin and glucose. V\ itlun 
2 weeks the urine became free of sugar and acetone and the blood sugar 
decreased to 150 mg. per 100 cc. with S to 10 insulin units per day. 
The author thought that the diabetes mellitus in this case was pro- 
duced by the hypophyseal hormone which had been successfully ad- 
ministered for the dystrophia adiposo-genitalis. No suspicion of a pre- 
existing latent diabetes was present in this case. Care should be taken 
in administering vitamins and hormones which are not indifferent and 
they should be used only where there is a definite indication hrom 
this case it is seen that there is a close relationship between diabetes 

mellitus and the hypophysis. . 

Steiner and Newcomb 26 observed that the association of by per thy 
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roidism with juvenile diabetes mellitus brought about a striking change 
in the diabetic state. The effect of hyperthyroidism on carbohydrate 
metabolism was well illustrated in one of the cases of their series. 
Because of the family history it might be suspected that these changes 
were the result of a diabetic tendency or of latent diabetes activated 
by the hyperthyroidism. It cannot be denied that this may result, yet 
careful study and prolonged follow-up of these cases are necessary 
before a definite diagnosis can be made. Interesting improvement 
followed in dextrose tolerance after the patient was made to rest and 
was given a high calorie diet and iodine was administered. This im- 
provement would not have occurred without the use of insulin if dia- 
betes had been a complicating factor. The differentiation of diabetes and 
hyperthyroidism is sometimes difficult and the hyperthyroidism may 
be overlooked. For this reason it is a wise procedure to have the basal 
metabolism of every diabetic subject and every hyperthyroid case 
should have a sugar study. There is a great similarity of the cardinal 
symptoms of the two diseases. Polyphagia, polydypsia and the loss of 
weight and strength are common to both. Sugar is frequently found 
in the urine of patients with hyperthyroidism and hyperglycemia is 
fairly common. The mechanisms of glycosuria and hyperglycemia are 
different in the two diseases. Patients with hyperthyroidism have 
glycosuria, postprandial hyperglycemia, impaired dextrose tolerance, a 
low respiratory quotient in the fasting state and depletion of the glyco- 
gen of the liver. These suggest diabetes mellitus. There are other 
physiologic findings which aid in the differentiation. The utilization 
of sugar by the tissues is increased. The arteriovenous blood sugar 
difference is normal or increased in spite of an increased rate of blood- 
flow. After a carbohydrate meal the rise in the respiratory quotient is 
higher and the fall more rapid than normal. The fall in the level of 
inorganic phosphates of the blood is normal. This is caused by the 
formation of a hexose phosphate compound in the pfocess of utilization 
of dextrose by the tissues. On the other hand, in diabetes mellitus there 
is a reduced capacity to utilize sugar and the arteriovenous blood sugar 
difference is less than normal. As a result less sugar is taken up by 
the tissues. After a carbohydrate meal the respiratory quotient re- 
mains low, and the fall in the level of inorganic phosphates of the 
blood following an increased supply of carbohydrates is less than nor- 
mal. When the two diseases coexist the diagnosis of diabetes mellitus 
is usually made first. Certain features during the course of the illness 
should arouse the suspicion that disease of the thyroid gland may be a 
complicating factor. Inability to control the glycosuria and the hyper- 
glycemia with regulation of the diet and with what should be an ade- 
quate dosage of insulin are significant findings. Acidosis is prone to 
develop in these patients, especially if they are losing weight or are 
undernourished. Rapid pulse, restlessness, flushing, moist skin and 
tremor of the hands all aid in making the diagnosis of hyperthyroidism 
particularly in younger patients. 

Cuttle 4 pointed out that diabetes mellitus in the young differs from 
the disease in the adult. The onset is abrupt and violent. The dis- 
ease is more severe than in adults. It is usually progressive and it is 
more labile than in adults. There is a more definite relationship be- 
tween juvenile diabetes and hyperfunction of the anterior lobe of the 
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hypophysis than is the case in adults. The condition is not usually 
preceded by obesity or by degenerative changes. In planning the treat- 
ment of diabetes these peculiarities should be taken into consideration. 
1 here should be adequate nourishment. A level of blood sugar below 
200 mg. per 100 cc. should be established. There should be less than 
10 gm. of dextrose in the urine in 24 hours. The cholesterol content 
ot the blood should be below 230 mg. per 100 cc. There should be 
normal psychological adjustment and development. The psychologic 
adjustment of the child to the limits imposed by the disease may present 
a difficult problem. He must be taught the nature of his disease, its 
dangers and his part in the control, while at the same time he is edu- 
cated to live happily with his disease. 

White 30 ® stated that in general the apparent difficulty in the manage- 
ment of juvenile diabetes has two explanations. The disease is un- 
common in childhood. Therefore, unless the physician is especially 
interested in diabetes he sees few children afflicted with it and conse- 
quently he lacks experience. Then also since the commonest age of 
onset of diabetes is that of 12 years, the child is rarely treated by the 
pediatrician, whose mind should be unbiased, but more often by the 
general practitioner or physician who is accustomed to deal with 
diabetic adults and expects to find the same mental attitude in the 
young patient and applies the same standards for control and the same 
principle of treatment. Even the type of onset is characteristic, for 
in the child the disease is acute and virulent. Often the first recogni- 
tion is made in the chemical coma, and the younger the patient the more 
striking. is this fact. In the George F. Baker clinic the caloric require- 
ment is based on surface area. Since in childhood this follows age 
closely, calories may be prescribed accordingly — 1000 calories to an 
infant of 1 year with 100 calories added for each year of life. For girls 
a maximum of 2200 calories is reached at the age of 13 years. As soon 
as possible afte-r maturity, the calorie prescription for girls should be 
reduced to avoid the obesity common in female adolescents. The 
maximum caloric diet prescribed for boys is 2800, a point reached at 
the age of 19 years. The ratio of carbohydrate to fat is selected accord- 
ing to one of two methods. Those who believe that stimulation of the 
pancreas results in improvement of diabetes prescribe carbohydratc- 
rich and fat-poor diets. Those who believe that rest of the pancreas 
is beneficial, prescribe low carbohydrate diets. All diabetic children 
require insulin and should be given it from the day that the disease is 
recognized and preferably continuously. After 3 years’ experience 
with protamine insulin it is believed that this is the ideal form to use in 
the treatment of juvenile diabetes. However, unlike adults of whom 
50% require no regular insulin in addition to the protamine insulin, it 
is found that 90% of children will require both regular insulin and pro- 
tamine insulin. These should be given in separate injections siinulta- 


neouslv before breakfast. . 

Using a constant regimen of treatment for a selected group of children 
with diabetes mellitus, Jackson, Boyd and Smith 13 continued detailed 
hospital control until stability of insulin requirement and normal range 
of fluctuation in blood sugar have been attained. The regimen em- 
nloved has been based on the premise that physiologic levels of control 
such as normal blood sugar levels, freedom from glycosuria or insulin 
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shock and complete adequacy of diet are desirable and attainable. 
They found that with strict hospital and laboratory control, a period 
of 6 weeks to 2 months was necessary to attain suitable stability of 
the sugar-handling function. Adequately prolonged hospital control 
of the patient at the outset of his management increased his subsequent 
stability under home management and avoided the difficulties which 
characterize the treatment of the diabetic child. With the establish- 
ment of such stability the insulin requirement became much smaller 
than during periods characterized by mild glycosuria or hyperglycemia. 
In view of this spontaneous lessening of the insulin requirement many 
studies that are reported as to the relative value of different types of 
insulin are open to question as to the conclusions that are drawn. 
Probably few children with diabetes mellitus in the country at large 
attain a desirable level of control, especially when preliminary stabiliza- 
tion is not complete and mild glycosuria is so frequently allowed. With 
improvement of level of control the authors predicted that there would 
be a lessening of complications, sequela; and fatalities. 

Herron 11 found that in managing diabetes in children one must take 
into consideration the growth and education of the child as well as the 
severity, instability and progression of the disease. The ideal was to 
produce a normal blood sugar throughout the 24 hours without shock 
or glycosuria and to produce normal growth and allow a happy existence. 
Individualization of dosage was necessary and was based on frequent 
determinations of the blood sugar and urinalyses. Hospitalization was 
recommended for new patients until the proper routine was established. 
Juvenile patients responded to protamine zinc insulin unusually well. 
It was found that a diabetic child cannot have a normal diet without 
insulin and he will not adhere to an inadequate diet. Most children 
do best on a high carbohydrate-low fat diet, because of the better 
metabolic balance. They show less tendency to go from hypoglycemia 
to hyperglycemia, a lowering of the insulin requirements in many cases, 
better adherence to the diet, an increase in carbohydrate tolerance and 
an increase in weight, strength and energy. A weighed diet was urged 
for the best control of the disease. Proper control allows normal growth 
and development and a happy existence. 

Mollerstrom 19 expounded his ideas concerning the selection of food 
for diabetic patients, based on an experience with over 1000 cases. 
Illustrating the extremes to which non-physiologic thinking has led 
some authorities he pointed out Lundberg’s advocacy of large amounts 
of vegetables and alcohol for the treatment of the acidosis in adults. 
Certain deficiency syndromes result from the fantastically one-sided 
diets that have enjoyed popularity. The pediatrician first introduced 
more physiologic diets. The need of an ample amount of carbohydrate 
is important. Since it seems that ketosis can follow from the incom- 
plete conversion of carbohydrate to fat as well as from B-oxidation of 
fat, excess of carbohydrate may be harmful. It must be borne in 
mind that hyperalimentation is harmful, but starvation may precipitate 
grave dangers. Of these ketosis is the chief hazard. The metabolic 
consequences of hyperglycemia and glycosuria without acidosis are 
questionable. Although it is usually assumed that the atherosclerosis 
which so frequently accompanies diabetes in elderly people is a conse- 
quence of diabetes, it is also likely that the mildly diabetic state repre- 
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sents a defense mechanism to supply more dextrose to the under- 
nourished myocardium Although this may seem a novel concept it 
is supported by clinical evidence. The result may he that zealous 
treatment ot the diabetic symptoms may exaggerate the mvocardial 
inadequacy. As a general thing, the effect of a given amount of insulin 
is significantly increased when its administration is timed in relation to 
the patient’s endogenous rhythm. This rhythm is more dearly fol- 
lowed by studies of the diurnal fluctuations of acid formation than by 
studies of the urinary and blood sugar. The patient’s own appetite 
should be one index of his requirements and should not be disregarded 
by prescribing a rigid, unvarying fare. There should be essential 
difference between the diet suitable for the child and for the adult 
diabetic. 


Nelson and Ward 20 reminded us that prior to the introduction of 
insulin diet was the sole factor in the treatment of diabetes mellitus. 
The principle of treatment in the later portion of the pre-insulin period 
was induction of marked malnutrition and employment of diets high 
in fat and low in carbohydrate. Since 1922 there has been trend 
towards the use of normal or average diets. The aim of treatment of 
diabetic children has changed from mere prolongation of life to mainte- 
nance of adequate growth and normal activity. Although there have 
been distinct differences of opinion regarding the qualitative and quan- 
titative content of the diet, the tendency has been towards a more 
liberal allowance of carbohydrate. The types of diets generally used 
include low carbohydrate and high fat; moderate carbohydrate and 
high fat; moderate carbohydrate and moderate fat; high carbohydrate 
and low fat; high carbohydrate and moderate fat; limited carbohydrate 
path other portions unlimited, and an entirely unrestricted diet. These 
groups overlap. Numerous advantages are claimed for the higher car- 
bohydrate diets. Among these are the lower cost, its greater paya- 
bility and especially its approximation to the average diet so that all 
the members of the family may partake of it. This last point is an 
important one in the treatment of children. The actual efficiency of 
the diet is often measured in terms of the units of insulin required to 
balance it. The authors did not advocate the use of free and unre- 


stricted diets, but felt that a more normal type of diet may be used 
than is sometimes advised. In favor of the use of measured diets the 
most important factor is the control of weight , while others are the 
assurance of a balanced intake, instruction of the child by experience 
with the .content of an adequate diet, reasonable distribution of the 
diet through the day' and the psychologic effect of aiding the training 
of the child in self-discipline. This last, factor is important but it is 
effective only so long as the child is given an ample diet. Diabetic 
children cannot be expected to adhere to inadequate diets. 

Lichenstein 15 pointed out that those with experience in pre-insulin 
d avs remember the terrible existence that diabetic children had to 
sustain. The extremely strict diet supplied to these unfortunate chil- 
dren scarcely contained anything that could appeal to the taste of 
children in general. In spite of all privation the result of the strict diet 
always became unfavorable after a very short while. With the intro- 
duction of insulin new therapeutic prospects were opened Hie new 
remedy gave the possibility of supplying a more liberal diet as veil a. 
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of meeting the risks of infection with more confidence and of overcom- 
ing the state of coma in a new way. It would have been possible 
earlier to have taken full advantage of the introduction of insulin. At 
first it was used as an auxiliary to a strict dietetic treatment, which 
was regarded as the main point. It still is regarded as the main point 
by many. The children still have to endure a restricted existence. 
They have not been allowed to enjoy the pleasure of satisfying their 
hunger in a normal way and they have still been treated as exceptions, 
which has been anything but advantageous especially as regards their 
psychical development. By degrees the views on this matter have 
changed. More and more the conclusion has been reached that children 
suffering from diabetes should be allowed to lead as normal existence 
as possible. The author has been using the free diet for several years 
and he has emphasized in his teaching the importance of letting the 
diabetic child have a chance of living a normal life with free choice 
of food buffered by a sufficient dosage of insulin. He defined free diet 
as an absolutely free diet without any restrictions and without weighing 
the food or any of its ingredients. In other words, the children are 
allowed to satisfy their appetite and to some extent their, individual 
taste. The only restriction is the avoidance of luxury, which also 
ought to be avoided by normal children. The insulin is given in doses 
sufficient to keep the child in good general condition, in good increase 
of weight and free from ketone bodies in the urine. There is little 
importance to be attached to a somewhat greater or lesser sugar excre- 
tion provided the increase has not appeared in connection with a change 
for the worse in the general condition of the child or in the weight curve. 
The change from the restricted to the free diet has always been an easy 
one. The patients themselves and their families appreciate the release 
from strict dietary schedules and from the daily trouble of weighing and 
measuring the allowed quantity of food. There is a great joy on the 
part of the diabetic child at the release from the strict dietary regimen 
and when this has been seen it is possible to appreciate the altered 
psychologic condition from being placed in a method of living similar 
to that of normal children. This gives a favorable influence on the 
disease. 

It was found that as a first result of the change the children showed 
a voracious appetite for carbohydrates. Very soon the child passed 
on to a more normal consumption of carbohydrates which varied but 
little. The supply of carbohydrates remained on a higher level than 
previously. Any inconvenience on account of the increased supply of 
carbohydrates was not observed. On the contrary, the condition of 
the patient was always influenced favorably by the change and often 
to a great extent. Even the weight curves manifested improvement, 
depending on the fact that not only the supply of carbohydrates but 
also the total supply of calories increased. It might be expected the 
blood sugar level, as well as the carbohydrate excretion, would be 
increased if the insulin dosage was not raised correspondingly. This 
was not the case. Although some patients on free diet have required 
larger doses of insulin than previously, the increase has usually been 
moderate and sometimes insignificant. In many cases the dose of 
insulin was maintained unchanged without inconvenience, and in some 
cases it was possible to reduce it, in spite of the fact that the supply 
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of carbohydrates was twice the amount previously given. The blood 
sugar levd often proved to be more regular than before, sometimes a 
iittie higher, but sometimes considerably lower, and at the same time 
more uniform. The urinary sugar excretion has not been considerablv 
higher during the free diet, but sometimes remarkably low in propor- 
tion to the large supply of carbohydrates. One inconvenience attached 
to the free diet w r as that when using regular insulin three injections must 
lie given in 24 hours. However, when protamine insulin was used 
instead of the regular insulin it was possible to reduce the dose to even 
one per day in spite of keeping the child on the free diet. On free diet 
the danger of overdosage of insulin with its consequent trouble was far 
less. Another interesting fact was that the ketonuria disappeared or 
decreased considerably after the change to the free diet. This meant 
that the danger of coma was reduced. Because of this as well as 
because of the other advantages the return of the patients for hospitali- 
zation was avoided. 

Feinblatt 6 made a comparative study of standard insulin, crystalline 
insulin, protamine insulin and hexamine insulin. He found that low 
blood sugars were maintained several hours longer on the crystalline 
insulin than on standard insulin. The unit value of protamine insulin 
was found to be greater and more lasting than the unit value of standard 
insulin. Another favorable finding was that under this form of insulin 
there was an absence of ketonuria and decreased incidence of lipemia. 
The introduction of protamine insulin was a great advance in the treat- 
ment of diabetes as the practicality of a single daily injection encour- 
aged both the patient and the physician to favor insulin therapy. A 
later modification was hexamine insulin. This is a compound of insulin 
and liexamethylene tetramine. This form is also used in a single dose. 
In this study it was shown that the blood sugar curve could be kept at 
a lower level than with protamine insulin and with smaller fluctuations 
during the day. There was also the striking absence of ketonuria. 
This insulin was also found to have the specific effect in decreasing poly- 
uria in those patients who complained of it under standard insulin and 
under protamine insulin. 

Alpert 1 offered a new therapy by combining protamine insulin and 
hexamine insulin. He stated that when these were mixed in the same 
vial they retained their individual characteristics as is evidenced by the 
blood sugar time curves. The hexamine insulin gave an immediate as 
well as some intermediate blood sugar lowering effect, while the delayed 
action of the protamine insulin was preserved. The use of the com- 
bined hexamine and protamine insulins eliminated the necessity for 
supplementary injections of insulin during the day. In the mixture 
of these two insulins the hexamine insulin remains fluid while the pro- 


tamine remains a precipitate. _ , . , . . 

The most frequent complication of diabetes is tuberculosis. A one- 
court, Ducas and Scheinmanm 1 pointed out that among adults it has 
been found to be the chief cause of death since the introduction of insu- 
lin has reduced deaths from distinctly diabetic causes. Before the use 
of insulin the short course of diabetes in children, which averagcdaboit 
9.1 vears prevented the evolution of coincident tuberculosis but since 
the introduction of insulin this complication has been found m man 
juvenile diabetics. When a diabetic child becomes tuberculous. it is 
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of interest to observe the influence of the tuberculosis on diabetes and 
the influence of the diabetes on tuberculosis. As regards the influence 
of tuberculosis on diabetes, it has been recognized that in the adult 
tuberculosis aggravates the disequilibrium of the glucosides, favors the 
onset of acidosis and establishes a relative resistance to insulin. In the 
child the effect was found to be similar but much less marked. A rigid 
dietetic regimen was recommended to avoid disaster. The role of 
diabetes in the evolution of tuberculosis depended on the therapy that 
was instituted. Sometimes diabetes preceded the appearance of tuber- 
losis. They believed that in diabetic children tuberculosis had an 
acute onset. 
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Synthesis of an Isomer of Corticosterone. Maximilian Ehrexstelv 
(Cox Institute, University of Pennsylvania). Recent evidence points 
to certain physiologic differences between desoxycorticosterone and 
corticosterone. Both substances occur in adrenal-cortical extracts. 
At present only desoxycorticosterone has been obtained by synthesis. 
Corticosterone differs from desoxycorticosterone in that it has a secon- 
dary hydroxyl group attached to carbon atom 11. The syn thesis of 
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corticosterone itself appears extremely difficult. We were successful 
however, in synthesizing the acetate of an isomer of corticosterone 
which has one hydroxy] group attached to carbon atom 6 instead of 
carbon atom 11. It remains to be seen how far the physiologic action 
of this substance differs from that of corticosterone and" desoxycortico- 
sterone. 

21-Acetoxy-pregnenonol which can be synthesized from cholesterol 
served as starting material for tins investigation. By treating it with 
perbenzoic acid a mixture of (5:6)-oxides was obtained which contained 
mainly the a configuration [Pregnane-(5:6) (a)-oxide-20-l-3.21-diol 21- 
monoacetate]. _ The oxide ring of this substance was ruptured by means 
of glacial acetic acid with the formation of a 6-acetoxy-compound. 
[Pregnane-20-1-3.5. 6.21-tetraol 6.21-diacetate.] To a minor extent 
acetylation took place also at carbon atom 3. The main product of 
the reaction was subjected to an oxidation with chromic acid which 
furnished Pregnane-3.20-dione-5.6.21-triol 6.21-diacetate. Dehydra- 
tion of the latter substance by means of dry HC1 gas in a solution of 
chloroform yielded the diacetate of 6-Hydroxy-Desoxycorticosteronc. 


Apparatus for Recording Cyclical Activity in the Rat and Correlation 
of Leukocyte Count With Peak of Estrus.* Edmond J. Farris (The 
Wistar Institute of Anatomy and Biology). A new apparatus was 
designed to register the number of revolutions of a turntable per unit 
of time. The revolutions of turntables in rat cages are registered on 
magnetic counters mounted on a panel in another room. The counters 
are photographed on the hour for continuous 24- or 48-hour records, 
by time-lapse mechanism. The apparatus is accurate for determining 
peak, regularity and length of estrus cycle. The system of cages and 
apparatus is arranged to reduce handling of animals to a minimum, 
and consequently neurophysiologic (emotional) stimulation is practi- 
cally eliminated, for the animals are handled only once a week. 

It was found that with peak of activity there was a leukopenia and 
during the diestrus interval, a leukocytosis. Constant darkness activ- 
ity records were discussed. 


Motion Picture Showing Chemotaxis of Leukocytes. D. R. Coman 
(Department of Pathology, University of Pennsylvania). A moving 
picture of rabbit polymorphonuclear leukocytes, showed the ehemo- 
tactic responses of these cells to various substances. Positive chemo- 
taxis to collodion, negative chemotaxis to a silicate and random motion 
(indifferent chemotaxis) to carbon, were shown. 


The Quantitative Measurement of Cerebral Blood F low in the 
Monkey. C. F. Schmidt and P. R. Dumke (Department of Pharma- 
cology, University of Pennsylvania). Quantitative measurements of 

* This investigation was aided by a grant from the Samuel S. Eels Fund. 
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cerebral blood flow have been frustrated hitherto by anatomic difficul- 
ties (abundant and inaccessible communications between the intra- 
cranial and extracranial parts of the cephalic circulation, particularly 
in the dog and cat) as well as by shortcomings in the various methods 
that have been used for this purpose (stromuhr, venturimeter, diversion 
of venous outflow into a calibrated vessel, thermocouple in brain tissue 
or in a vein effluent from the brain, thermostromuhr, rotameter). In 
the present experiments both of these objections have been met, the 
anatomic by the use of an animal ( Macacus rhesus) in which blood 
carried by the internal carotids is distributed only to the brain and is 
the sole supply of that organ if the basilar artery is tied, the instru- 
mental by timing the transit, through a glass tube of known volume, of 
an air bubble injected into the stream of blood carried from the com- 
mon to the internal carotid arteries, the animal being narcotized with 
nembutal and heparinized and its basilar artery ligated. 

In 14 experiments cerebral blood flow thus measured at the start 
of the experiment ranged from 0.38 to 0.81 and averaged 0.62 cc. per 
gram of brain per minute. Flow was consistently increased by intra- 
carotid injections of non-depressor doses of histamine, nitroglycerin, 
theophylline and caffeine, as well as by inhalation of CO 2 (10%) in 
oxygen or of pure nitrogen; the effect of histamine was much greater 
and that of CO 2 much smaller than was expected from results of experi- 
ments on cats. Small doses of adrenalin and benzedrine intra-arteri- 
ally consistently caused a significant decrease in cerebral blood flow 
sufficient in some instances to cause symptoms of cerebral anemia; 
with intravenous injections an increase in flow preceded the decrease 
and the latter was less striking though usually present. Ergotamine 
diminished cerebral flow consistently, but it also lowered blood pressure. 
Stimulation of the cervical sympathetic nerve did not decrease the flow 
in any of 9 attempts on 4 animals though typical ocular effects were 
observed. Metrazol, in convulsant doses, caused a pure increase in the 
flow. With insulin, blood pressure fell as hypoglycemia developed and 
then recovered; cerebral flow followed this, apparently quite passively. 
Further experiments are being made. 


The Circulation in Traumatic Shock. Mh/ton L. Cullen, A. E. 
Schecter, Norman E. Freeman, and M. K. Laws (Harrison Depart- 
ment of Surgical Research, Schools of Medicine, University of Penn- 
sylvania). Shock was produced by trauma to the muscles of both 
thighs in 9 of 11 intact dogs and in 5 partially sympathectomized dogs. 
Local fluid loss was excessive in all instances. The earliest sign of 
shock was a marked reduction of peripheral blood flow as measured 
in the dog’s uninjured paw. Hemoconcentration was not a significant 
finding. Shock was produced in 14 of 16 dogs by muscle trauma com- 
bined with fractures of two ipsolateral extremities but the local fluid 
loss was restricted by binding the extremities with tape, ffhe amount 
of fluid lost into the injured extremities was measured. The earliest 
sign of shock was a marked reduction of peripheral blood flow. There 
was considerable hemoconcentration in comparison to the earlier 
experiments. 
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Blood volume determinations by the carbon monoxide method shoved 
a substantial reduction of blood volume after trauma, and this reduc- 
tion was only partially accounted for by local fluid loss. 

Postmortem examinations suggest that at least part of the “lost” 
blood volume is to be found in the lumen and wall of the intestinal tract. 
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THE EFFECT OF AGE ON THE SUSCEPTIBILITY OF THE 
ERYTHROCYTE TO HYPOTONIC SALT SOLUTIONS. 

Radioactive Iron as a Means of Tagging the Red Blood Cell.* 

By W. 0. Cruz, M.D.,f 
P. F. Hahn, Ph.D., 

W. F. Bale, Ph.D., . 

AND 

W. M. Balfour, M.D., 

HOCHESTEIt, N. Y. 

(From the Departments of Pathology and Radiology of the University of Rochester 
School of Medicine and Dentistry.) 

The difference in susceptibility of red blood cells to hemolysis 
by hypotonic salt solution has been ascribed to a number of factors, 
among which are variations in osmotic resistance, varying degrees of 
permeability of the erythrocyte membrane, brought about by vari- 
ous causes including difference in the age of the red cells. At present 
it seems well established that the shape of the cell, or more explicitly 
the ratio between the thickness and the diameter, is the most im- 
portant factor . 3 ' 6 ' 9 - 10 

Convincing data regarding the role played by age of the erythro- 
cyte as regards hemolytic susceptibility are not found in the litera- 
ture of this subject. Some investigators find the morphologically 
immature red cells (reticulocytes, granulated red cell forms) more 
resistant to hypotonic salt solutions than the adult erythro- 
cytes . 1 ' 14 ' 20 ' 21 ' 23 ' 24 Others find a decrease in the susceptibility of the 
same cell forms . 4 ' 5 ' 8 Still others find no difference between the 

* Wc arc indebted to members of the Radiation Laboratory of the University of 
California and in particular to Drs. E. O. Lawrence and M. D. Kamen for the radio- 
active iron used in these experiments. 

t On Official Commission from the Institute Oswaldo Cruz, Rio de Janeiro, Brazil. 
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immature and the adult forms. 16 " 18 - 22 Buckmann and MacNaugher 
found that the young cells were less resistant in pernicious anemia and 
more resistant in anemia after hemorrhage. 2 Daland and Zetzel 7 con- 
cluded that the age of the erj'throcj'te does not necessarily determine 
its behavior in hypotonic salt solution. They found the young cells 
(reticulocytes) more, less, or equally resistant than the adult cells 
in different diseases and even in the same patient with pernicious 
anemia in different regeneration periods following liver therapy. 
All such studies must necessarily be limited to the determination of 
different susceptibilities between reticulated or granular forms and 
the general run of the erythrocytes in the circulation, since no other 
means were available to determine the age of the cells than by 
histologic methods. 

When the radioactive isotope of iron is administered to an anemic 
animal, some of it is very promptly used to form hemoglobin in the 
red blood cells. 13 This iron when bound in hemoglobin within the 
cell does not undergo exchange with the other iron of the body, 12 
and so affords a means of identifying the new cells as distinguished 
from those red cells which were present before and made up the bulk 
of the circulating cells. If a comparatively small amount of the 
iron is given as a single dose to an animal, the age of the red cells 
into which it is incorporated can be estimated to within a few days. 1 ’ 
This enables one to distinguish between cells of known ages ranging 
from a few days to several months and the general run of the cells 
in the circulation. 

Methods. To determine the resistance of the erythrocyte, amounts of 
whole blood were added to salt solutions of varying concentrations, the 
proportions being the same for any one experiment and usually being in a 
ratio of 1:5. The actual amount of whole blood used depended upon the 
concentration of activity. 

In a typical experiment 15 ml. of freshly drawn whole blood were added 
to each of a series of tubes containing 75 ml. of, respectively, 0.50, 0.45, 0.40, 
0.35, 0.30% NaCl solutions and one tube with distilled water. After con- 
tact of about 20 minutes, the suspensions were centrifuged. The super- 
natant solutions were separated from the cells by suction. Aliquots of the 
supernatant solution were diluted with distilled water to permit reading in a 
Klett photoelectric colorimeter. These values, when related to the readme: 
of completely hemolyzed cells (distilled water), represented the percentage 
hemolysis for each concentration of salt. _ . . 

The supernatant solutions were separately ashed, 10 -" the iron precipitated 
and a determination of the radioactivity made. 11 The activity was e.vpre==ed 
as a fraction of that obtained from the supernatant of the cells treated with 
distilled water. Since only the radioactive cells contributed to tins value, 
it is a measure of the hemolysis of the cells of known age due to labelling 
with the isotope. 

Experimental Observations. In the preliminary experiments, 
anemic, iron-depleted dogs were employed. In these animals, due 
to the often repeated removal of large quantities of blood, the mean 
age of the red cells in the circulation is probably a matter of a few 
weeks, this depending on the frequency with which all the circulnt- 
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ing cells are completely replaced by erythropoiesis. Therefore, 
the differences in age of the new tagged cells and general run of the 
red cells could be considerable only in the first few days of the experi- 
ments. Later normal animals were used, being subjected to two 
bleedings equivalent to about two-fifths of their blood volumes in 
order to stimulate hemoglobin formation shortly before the injection 
of the iron containing the radioactive isotope. 

In Experiment 1, Dog 39-226, an adult, female mongrel setter 
weighing 10 kg., was depleted of iron reserves by repeated bleeding 
and the anemia was maintained in this way for 5 weeks’ time. A series 
of 5 injections of ferric ammonium citrate containing the isotope 
were given. These were administered on successive days and con- 
sisted of 55 mg. of iron each. Seven days after the first and 3 days 
after the last injection, blood was withdrawn for determination of 
susceptibility toward salt solutions of various concentrations and 
the corresponding radioactivity of the remaining red cells and 
supernatant layers was measured. The animal was not disturbed 
for 9 weeks after which measurements were repeated (Chart 1). 

Experiment 2 concerns Dog 38-137, an adult, female beagle, 
weighing 10 kg., which likewise had its iron reserves exhausted by an 
anemia of 6 weeks’ duration. This animal was given a single injec- 
tion of the radioactive iron by vein consisting of 71 mg. of the ele- 
ment in the form of ferric ammonium citrate. At this time, the blood 
hemoglobin level was 6 gm. per 100 ml. Three days later, blood 
was withdrawn for determination of hemolytic susceptibility and 
radioactivity. Unfortunately, the activity of the cells as measured 
was exceedingly low and as the results are not very good from a 
quantitative standpoint, they are not included. Under these condi- 
tions, it would be necessary to employ larger quantities of blood to 
establish the various points with precision. The same animal was 
allowed to continue for a considerable period subsequently in one of 
a series of experiments involving the determination of the life cycle 
of the red cell. At the end of 124 days, a single blood sample was 
taken and the hemolysis of the cells in saline studied (Table 1). 

Tabi.e 1. — Susceptibility of 4-month-old Cells. 


Dog 38-137. 

Hemolysis of Hemolysis of 
Age of Cone, hypotonic all cells tagged cells 

tagged cells, sol., (colorimetric), (radioactivity) 

days. per cent. per cent. per cent. 

124 0.41 63 44 

130 0.36 92 S2 

130 0.39 66 45 

130 0.42 34 29 


Six days later, three equal aliquots of blood were treated with salt 
solutions of concentrations of 0.36, 0.39, and 0.42% and the hemol- 
ysis of the tagged cells and of the total cells determined. 

Experiments 3 and 4 were conducted on animals which previous 
to the experimental work had been normal stock dogs. Dog 40-1 15, 
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an adult mongrel, weighing 16.7 kg., was bled about 200 ml. on each 
of 2 successive days. Immediately following the second bleeding, 
125 mg. of iron as ferric ammonium citrate was injected by vein. 
Four days later, blood was withdrawn for determination of suscepti- 
bility to salt solutions and measurement of radioactivity. As can 

100 
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Chart X. — Susceptibility at various known ages, o o, hemolysis of all cell'' 

(colorimetry); o o, hemolysis of labelled cells (radioactivity). 


be seen in Chart 1, the curves for hemolysis of the cells in genera , 
and the hemolysis of the tagged cells as measured by the radio- 
activity of the supernatant solutions, are widely divergent, feeu-n- 
teen days after the injection of iron, blood was again drawn f«r 
these determinations and the curves are nearly identical. 
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Dog 39-242, a normal, adult mongrel, weighing 11.7 kg., was bled 
250 ml. on each of 2 days and immediately after the latter bleeding 
was given an injection of 31 mg. of iron containing the isotope as 
ferric ammonium citrate by vein. In order to see if the divergence 
of the curves for total hemolysis and the radioactivity of the super- 
natant solutions would be more marked than in the 4-day experi- 
ment above, blood was taken for measurements after only 23 hours 
had elapsed. In Chart 1, the marked dissimilarity of the two curves 
can be seen. Four days after the injection, another sample of blood 

100 
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50 40 30 40 30 

Chaht 2. — Susceptibility decreases with age o o, hemolysis of ail cells 

(colorimetry); o o, hemolysis of labelled cells (radioactivity). 

was withdrawn for measurement, and it was found that the two 
curves were superimposed. It was therefore suggested that some- 
time approximating 4 or 5 days following injection was a crucial 
one as regards susceptibility differences. 

Experiment 4 was carried out in an attempt to obtain a series of 
these curves in the same animal at different intervals during which 
the curves would be unlike. Dog 40-133, an adult, normal beagle, 
weighing S.l kg., was bled twice as the animals above and, 5 hours 
after the second bleeding of 200 ml., a single dose of 31 mg. of radio- 
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active iron was given by vein. Twelve hours after the injection, 
blood was withdrawn for study. Another bleeding was carried out 
at 36 hours, a third at 84 hours, and one at 6§ days. The progressive 
approach of the curve for hemolysis of the tagged cells toward that 
for the whole mass of circulating cells can be seen in Chart 2. 

Discussion. When the dogs employed for these studies have been 
anemic for long periods due to chronic hemorrhage, the mean age 
of the cells in the circulation will probably only be about several 
weeks. The exact age of the mean will be dependent upon the rate 
of replacement of the circulating cells by regeneration, and this in 
turn will be related to the diet and iron intake. Where normal dogs 
are employed, the average of the circulating red cells would be 
approximately one-half of the life span of the red cell, or probably 
over 60 days. 15 

It has been shown in a previous publication 13 that when a single 
dose of iron containing the radioactive isotope is fed an anemic 
dog, the concentration of the radioactive hemoglobin in the circula- 
tion increases progressively for from 3 to 7 days. Therefore, it 
cannot be concluded that cells are 5 days old merely because this 
amount of time has elapsed since injection of the isotope. Rather, 
the mean age of the cells would be more likely to approach the order 
of 3 days, 7 days after administration. 

Since red cells were actively being formed with the utilization 
of the radio-iron at a time interval of 4 or 5 days, and since the 
difference in hypotonic susceptibility between new-formed cells 
and older ones became negligible 5 or 6 days after administration of 
radio-iron, it would seem that only the very young red cells (less 
than 4 days of age) were less resistant to saline. 

It seems worth noting that the resistance of the very old tagged 
cells (130 days of age) of Dog 38-137 was possibly a little greater 
than the other cells of the circulation. The latter would probably 
differ in age from the tagged cells by only a matter of several weeks, 
since when the isotope was administered this animal was iron de- 
pleted and anemic. Therefore, a gradually decreasing suscepti- 
bility toward the end of the life span of the red cell might not be 
seen in such marked contrast here as in the other experiments where 
the age of the cells differed more widely. 

When more active iron becomes available, or measurement sensi- 
tivity is increased, it may become possible to extend these studies 
considerably. At present, it is possible only to study a small portion 
of the hemolysis curves in a single experiment because of the neces- 
sity of using large amounts of blood in order to obtain accurate 

activity measurements. _ 

Summary. When radioactive iron is administered in a single dose 
to a dog in which there is a stimulus for hemoglobin formation, the 
isotope is promptlv incorporated into the pigment in the red cell. 
These cells (identified by their radioactivity) can be regarded as 
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of known age and then be compared with those of the general run 
of the cells of the circulation as concerns susceptibility to hypotonic 
saline. 

The very new cells in the circulation are found to be markedly 
less resistant to the hypotonic salt solution than are the other older 
cells. This difference in susceptibility disappears after a period of 
about 3 or 4 days. 

There is an indication that possibly the very old red cells (130 
days) are more resistant to hypotonic saline than the circulating 
cells of the mean age group. 
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ERYTHROCYTE FRAGILITY CHANGES PRODUCED BY 
SULFANILAMIDE. 

By William Antopol, M.D., 

. Lester Goldman, M.D., 

NEWARK, N. J. 

AND 

W. L. Sampson, Cii.E., 

RAH WAX’, N. J. 

(From the Division of Laboratories, The Newark Beth Israel Hospital, Newark, 
N. J., and The Merck Institute for Therapeutic Research, Rahway, N. J.) 

Splenic enlargement after the administration of sulfanilamide 
has been previously described^ 5- '' In an earlier communication 
concerning the pathology of the spleen 6 it was stated by one of us 
(W. A.): “The histologic appearance of the spleen was very sug- 
gestive of active hyperemia. Because of this it was proposed to 
test the fragility of the red blood cells to see if there was any devia- 
tion from the normal, and also to search for any other detectable 
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modification of the red blood cells.” Since active splenic hyperemia 
is characteristic of hemolytic anemias, the fragility of the* erythro- 
cyte was stressed in the present study. 

Method. _ The resistance of red blood cells to hemolysis by hypotonic 
saline solution was determined weekly in 15 rats receiving 1 gm./kg. sul- 
fanilamide daily by stomach tube and in 5 control rats. These fragility 
tests were made using blood obtained by cutting the tail tip. Tubes were 
set up containing saline solution increasing in steps of 0.02% from 0.28 to 
0.50% concentration. The readings were made after 1 hour at room tem- 
perature and again after 18 hours’ incubation at 37 °C. The highest saline 
concentration at which hemolysis was discernible was recorded in this 
investigation. 

At the end of the second week, 2 untreated control and 3 sulfanilamide 
animals were sacrificed by decapitation and thereafter 1 control and 4 sul- 
fanilamide animals were killed at approximately week]}' intervals for a 
period of another month. The erythrocyte, leukocyte, reticulocyte and 
differential white blood cells counts were performed and hemoglobin 
(Sahli) content was determined. The spleens were removed and weighed. 
Routine gross and microscopic examinations were made on all organs. 



3/21 4 O 4/iO 4/17 3/1 5/8 

CiunT 1.— Fragility changes after sulfanilamide administration. (•) Sulfanil- 
amide treated rats. (O) Control (untreated) rats. Ordinate-saline concentration. 
Abscissa — date of fragility determination. 


The average saline concentration for beginning hemolysis is shown 
in Chart 1. It was found that the resistance of the red blood cells 
to beginning hemolysis of the control rats remained essentially 
constant, initial hemolysis occurring in 0.46 to 0.4S% salute. After 
2 weeks of sulfanilamide administration (this being the first tune 




Fit). L— Splenomegaly in sulfanilamide rats. Upper row, control spleens; lower row, spleens from rats fed with sulfanilamide. 
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it was determined after instituting sulfanilamide), hemolysis of the 
red cells began at about 0.40. (In another series of rats, this change 
was already found to occur 18 hours after the first intraperitoneal 
injection of 2 gm./kg.) This value remained constant throughout 
the remainder of the experiment. The hemoglobin, erythrocyte, 
leukocyte and reticulocyte findings are in accord with those of 
Machella and Higgins. 5 The control animals showed an average of 
7,900,000 erythrocytes per c.mm. as the final readings. The treated 
rats, on the other hand, developed a progressive anemia with a final 
average count of 3,900,000 erythrocytes per c.mm. The average 
final leukocyte count in the former group was 9600 per c.mm., and in 
the treated rats 11,800. The average normal reticulocyte counts 
were 1.35 per 1000 erythrocytes as compared with an average of 
7.5 in the treated rats. 

The control spleens varied in weight from 1.0 to 1.6 gm. (average 
1.29 gm.). The splenic weights of 7 sulfanilamide-treated animals 
in the first 4 weeks of the experiment varied from 1.6 to 2.3 (average 
1.94 gm.). The 4 spleens in the 6th week varied from 2.0 to 3.1 
(average 2.5 gm.), and in the final week they varied from 2.4 to 4.1 
(average of 3.2 gm.) (Fig. 1). The enlarged spleens were firm and 
showed a deep purple or even black color. Microscopic examination 
showed an active hyperemia such as seen in hemolytic anemia, and, 
in addition, an exaggerated hemosiderosis which was most pro- 
nounced in the perifollicular region, so that an iron stain of the 
section revealed a blue ring completely encircling each follicle. 
The livers were often enlarged. Frequently there was considerable 
loss of hair leaving extensive areas of alopecia. 

The findings of changes in fragility of the red blood cells would 
be in accord with the increased urinary porphyrins in rats 9 ’ 10 and ■ 
humans, 9 the increased urobilinogen excretions in humans, 5 and 
the anemia 1 - 3 ' 6 ' 5 ' 10 and reticulocytosis 5 which has been reported after 
sulfanilamide. 

The fact that the red blood cells showed an increased resistance 
to hemolysis by hypotonic saline solution is still in accord with the 
concept that the pathologic state of the erythrocyte is the primary 
factor in hemolytic anemia, and that the spleen plays a secondary 
role. (For literature, see Klemperer. 4 ) 

Summary. The administration of sulfanilamide to rats results in 
an increased resistance of the red blood cells to hemolysis in hypo- 
tonic saline solution, and in splenomegaly with the histologic picture 
of active hyperemia such as seen in hemolytic anemia. 

Since completinc this manuscript Richardson (J. Pharm. and Exp. Ther., 70, 
370, 1910) reported the fragility chances in 3 mice fed 2% sulphanilnnude for - 
weeks. He found that the blood in the suiphaniinmide treated rats showed pre atcr 
hemolysis in saline concentrations to 0.39%, but beyond this point the erythrocytes 
were more resistant. 

We wish to express our appreciation to Miss Pally 'Woodford for her excellent 
technical assistance. 
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PERNICIOUS ANEMIA COMPLICATED BY MYELOGENOUS 

LEUKEMIA. 

By Eugene H. Sterne, Jr., M.D., 

INSTRUCTOR IN MEDICINE, 

Harold Schiro, M.D., 

INSTRUCTOR IN MEDICINE, 

AND 

William Molle, M.D., 

ASSISTANT RESIDENT PHYSICIAN, 

CINCINNATI, OHIO. 

(From the Hematology Laboratory of the Cincinnati General Hospital, and the 

Department of Internal Medicine, University of Cincinnati College of Medicine.) 

The term Ieukanemia has long been used to describe an ill- 
defined syndrome of macrocytic anemia and leukemia, and even 
today appears at times as a special heading in the Quarterly Cumu- 
lative Index. In view of the recent advances in our knowledge of 
pernicious anemia as a deficiency disease, it seemed of interest to 
reexamine the cases of Ieukanemia in the literature, and to report 
a case of myelogenous leukemia complicating well-established per- 
nicious anemia. 

Since 1900, when Leube 8 first described what he felt was a new 
disease entity, numerous cases of so-called Ieukanemia have been 
reported, chiefly in the German literature. Sinek and ICohn 15 re- 
viewed the reported cases up until 1930 and rejected all of them 
except the one described by von Reich el. 12 In reexamining the 
latter’s report, however, the diagnosis of pernicious anemia is not 
conclusive. Likewise the cases of Elman and Marshall 5 and Barns 
and Rosenheim 1 fail to fulfill the requirements of a combined diag- 
nosis. Most authors (Naegeli 11 and Muller and Werthemann 9 ) do 
not agree with Jacobsohn 7 that the concept of Ieukanemia warrants 
a definite disease entity. 

Well-substantiated cases of coexisting chronic leukemia and an 
erythrocyte maturation factor deficiency anemia have been de- 
scribed by Rich and Scliiff, 13 Touw and Graafland 18 and Doan. 4 
To these we wish to add the following case report in which the 
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diagnosis of true Addisonian anemia terminating in myelogenous 
leukemia is justified. 

Case Report, E. A. (No. 54059), a 57-year-old white married housewife, 
entered the Cincinnati General Hospital on March 28, 1936. She had 
been in perfect health until the fall of 1935 when she noted the onset of 
anorexia, weakness, and dyspnea . This became progressively worse until 
February, 1936, when it was exaggerated by nausea and vomiting. 

Physical examination revealed a well -developed and obese woman despite 
evidence of considerable weight loss. The skin and mucous membranes 
were very pale. She had gray hair, blue eyes with an icteric tint to the 
sclera;, and several flame-shaped fresh retinal hemorrhages. The tongue 
was atrophic and there was moderate dependent edema. The liver, spleen 
and lymph nodes were not palpable. The neurologic examination was nega- 
tive. The remainder of the physical examination disclosed no abnormalities. 

The laboratory studies, disclosing a severe macrocytic anemia noth leuko- 
penia and the characteristic response to liver extract, are shown in Chart 1. 
The gastric analysis showed achlorhydria and a low total acid content by 
the alcohol-histamine method. Clinical improvement as well as hemato- 
logic response was noted. 



After an interval of 21 years, she reappeared at this hospital on Nov. 21, 
1938, because of a relapse in her anemia, associated with cessation of 
specific treatment and the development of symptoms referable to the cen- 
tral and peripheral nervous systems. 

The physical findings now were similar to those of the first admipion 
plus the evidences of peripheral neuritis and dorso-lateral sclerosis of the 
spinal cord. The laboratory findings are seen in the second part of Chart J . 
Sternal puncture revealed a megaloblastic bone marrow of the type charac- 
teristic of pernicious anemia. On this admission she was given a tml with 
an antianemic substance of undetermined potency, but on the fifth on}, 
"because of the appearance of a severe urinary tract infection, thi« 
stormed and transfusions and potent liver extract given. By the middle 
of April. 1939, the blood picture v, as normal and great improvement un- 
noted in her clinical condition. 
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Her third admission to this hospital was on Feb. 8, 1940, because of 
hemoptysis of 8 days’ duration. Since April, 1939, she had substituted oral 
capsules for intramuscular liver. The physical examination revealed no 
cause for the hemoptysis. Roentgen rays of the chest were interpreted as 
indicating chronic bronchitis and bronchiectasis. The hematologic find- 
ings disclosed that the erythrocytes were 2.9 million, the hemoglobin 11 gm., 
the hematocrit 30, and the mean corpuscular volume 103. The leukocytes 
were 18,700 with neutrophils 75%, lymphocytes 21%, monocytes 3%, 
eosinophils 1%. It was noted that one-third of the neutrophils were 
“young forms.” The platelet count was 406,000, the bleeding time 
3 minutes, and the clotting time 2 minutes. She remained in the hospital 
5 days and no hemoptysis occurred. 

The fourth and final admission occurred on Sept. 18, 1940, 4§ years after 
her first admission, when she entered the hospital in coma and died 45 min- 
utes later. In the 7 months’ interval between her last two admissions she 
was fairly well. She did her own housework, but was limited in it by 
weakness and dyspnea, which was not improved by liver injections or later 
by oral capsules given by her private physician. On Sept. 15, 1940, she 
suddenly developed diarrhea which continued for 3 days until she lapsed 
into coma 6 hours before arrival at the hospital. 

When admitted to the hospital she was in deep coma. The temperature 
was 101°, the pulse undeterminable, the respirations 40. The abdomen 
was distended and the liver and spleen were not palpable. Emergency 
stimulants were administered in vain. Postmortem blood studies (heart’s 
blood) showed the erythrocytes to be 2.6 million, hemoglobin 11.8 gm., 
leukocytes 100,000 with the following differential : myeloblasts, 3 %; myelo- 
cytes A, 2%; myelocytes B, 16%; myelocytes C, 31%; metamyelocytes, 
5%; stab forms, 16%; neutrophils, 18%; lymphocytes, 2%; basophils, 3%; 
and basophilic myelocytes, 1%. 

Autopsy (5 hours postmortem, by Dr. H. Shanes): The spleen was 
markedly enlarged (1075 gm.), soft, friable, and a deep purplish-red with 
a definite grayish cast. The Malpighian corpuscles were not prominent. 
The liver was also markedly enlarged (1085 gm.). It was soft, friable, and 
with no gross evidence of necrosis or infiltration. The lymph nodes were 
grossly normal. Sections of the bone mcirroiv taken from the body of the 
sternum, ribs, and lumbar vertebra? were all similar grossly, and presented 
a porous sponge-like appearance, with a homogeneous dull grayish-yellow 
color. 

Microscopically, there was evidence of chronic myeloid leukemia with 
infiltration of the leukemic cells into the spleen, liver, lung, uterus, and 
submucosal layer of the stomach. Giemsa stains of several sections of 
bone marrow revealed young cells of the myeloid series completely filling 
the marrow. Of some interest was the absence of pronounced leukemic 
infiltration in the lymph nodes and kidney. There was also evidence of 
posterior (and suggestive lateral) column demyelinization of the spinal cord. 
In addition, there was demonstrated acute ulcerative typhlitis and chronic 
active pyelonephritis. 

Discussion. "We think that there is little doubt that this case 
represents pernicious anemia complicated by subacute myelogenous 
leukemia. There may be many sources of error in attempting to 
make a combined diagnosis. Numerous authors (Sturgis and 
Isaacs , 17 Castle and Minot , 3 Sharp et al. u and Heek, c ) have shown 
that in cases of pernicious anemia in relapse, especially when the 
red count is low, a small number of myelocytes, and even an occa- 
sional myeloblast, may appear in the peripheral blood, and that 
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during remission a left shift in the neutrophils occurs with the occa- 
sional appearance of a few younger forms in this series. We like- 
wise have noted in our own cases of pernicious anemia similar 
abnormalities. A bone marrow examination and the subsequent 
course of the patient after therapy, with a rise in the red count and 
a disappearance of the neutropenia, is sufficient evidence to indicate 
a so-called myeloid reaction in pernicious anemia. A persistent 
neutropenia despite adequate treatment should raise the question 
of a subleukemic leukemia. 

Just as pernicious anemia may for a time simulate leukemia 
hematologically, so may leukemia simulate pernicious anemia. It 
is well known that while the associated myelophthisic anemia is 
most often normocytic, it may frequently be macrocytic. This, 
plus the usual leukopenia (in subleukemic states) and the thrombo- 
cytopenia, may suggest pernicious anemia. If the differential leu- 
kocyte count is carefully examined, pathologic cells will almost 
always be found in cases of leukemia, and more particularly bone 
marrow biopsy should reveal definite evidence of leukemia. 

One can only speculate concerning these two diseases in the same 
patient, for although the most reasonable explanation is that of 
coincidence, it might be supposed that improperly treated perni- 
cious anemia eventually predisposes the marrow to leukemic changes. 
The extreme rarity of this combination, despite the frequency of 
inadequately treated pernicious anemia, makes this most unlikely. 
Murphy, 10 who has seen a great number of cases of pernicious 
anemia, does not even mention the possibility of leukemia in his 
discussion of the complications of the disease. A third, but for 
similar reasons equally tenuous hypothesis, is that there is a funda- 
mental defect, possibly hereditary, of the blood-forming organs, 
which makes the individual susceptible to either or both diseases. 
Along this line there are several reports in the literature describing 
leukemia and pernicious anemia or a pernicious anemia-like disease 
in siblings (Stranded, 16 and Bichel 2 ). Until further evidence is 
available concerning the fundamental defect in leukemia, one must 
fall back upon chance as the most likely explanation of its association 
with pernicious anemia. 

Summary and Conclusions. 1. The cases of Ieukancmia in the 
literature are reviewed and most of them rejected as failing to fulfill 
the requisites for the diagnosis of both pernicious anemia and 
leukemia. 

2. The authors’ own ease is reported as a true Addisonian anemia 
terminating in myelogenous leukemia. 

3. Pernicious anemia and subleukemic leukemia may for a time 

simulate each other. The difficulties in making a combined diag- 
nosis are discussed. . „ f „ 

4. The most satisfactory explanation for the occurrence of tlioe 

two diseases in the same patient is that of coincidence. 
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HEMATOLOGIC CHANGES FOLLOWING SPLENECTOMY IN 
MAN, WITH PARTICULAR REFERENCE TO TARGET 
CELLS, HEMOLYTIC INDEX AND LYSOLECITHIN.* 

By Karl Singer, M.D., 

RESEARCH ASSISTANT, BOSTON DISPENSARY, 

Edward B. Miller, M.D., 

RESEARCH ASSISTANT, BOSTON DISPENSARY, 

AND 

William Dameshek, M.D., 

CHIEF, BLOOD CLINIC, BOSTON DISPENSARY; ASSISTANT PROFESSOR OF 

MEDICINE, TUFTS COLLEGE MEDICAL SCHOOL, 

BOSTON, MASS. 

(From the Joseph II. Pratt Diagnostic Hospital, the Blood Clinic and Laboratory 
of the Boston Dispensary, and Tufts College Medical School.) 

The dramatic results which often attend splenectomy in cases of 
hemolytic anemia and thrombocytopenic purpura have led us to 
detailed study of the splenectomized individual as a means of 
attaining knowledge of splenic function. The present publication 
deals with the study of 19 individuals who were splenectomized for 
various conditions and who were carefully studied at various inter- 
vals. In particular, modern hematologic methods were utilized 
with especial reference to “target” cells, hypotonic fragility, blood 
platelets, the question of blood destruction, and the “lysolecithin” 
metabolism. From these studies evidence was obtained in support 
of the concept that one or more splenic hormones exist, as well as 
confirmation of the frequently expressed view that the spleen aids 
in blood destruction. 

* This work lias been aided by grants from the Dazian Foundation, the Charlton 
Fund (Tufts) and the Milton Fund (Harvard University). 
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Material. Investigations were performed in 8 normal individuals 
and in 19 patients splenectomized for various causes from 4 weeks 
to 15 years previous to our studies. The splenectomized material 
may be divided into two groups: (1) non-hemolytic, 11 cases; 
traumatic rupture, 2; “Banti’s” disease, 1; Gaucher’s disease, 1; 
lymphatic leukemia, 1 ; and idiopathic thrombocytopenic purpura, 6. 
(2) hemolytic, congenital type, 4; acquired type, 4. This grouping 
was thought advisable because the cases with increased hemolysis 
showed marked changes in the shape of erythrocytes as well as 
greatly increased blood destruction preopera ti rely, differentiating 
them sharply from the non-hemolytic group. 


Methods. A. Hematologic Methods. Hemoglobin: Evelyn or Cenco 
photoelectric method (100% = 15.5 gm.' per 100 cc. of blood). 

Red cell count; white cell count: U. S. Bureau of Standards certified 
pipettes and hemocytometers used; automatic shaker. 

Platelet count: Method of Dameshek. 9 ** Normal count, 400,000 to 
900,000 per c.mm. 

Reticulocyte count: Both “dry” and “wet” methods used. In the 
“wet” method, the technique of Dameshek 90 was used. 

Hematocrit: Venous blood collected in 5-cc. vials ■* no- 

nium oxalate 6 mg., and potassium oxalate 4 m^. ■■■■.■■ in 

Wintrobe type hematocrit tubes for 25 minutes at 3500 r.p.m. 

Mean corpuscular volume: Normal range 84 to 94 cu. micra. 

Mean corpuscular diameter: Price-Jones curves obtained by counting 
diameters of 200 cells using calibrated micrometer eye-piece. Normal mean 
diameter 7.4 to 7.6 micra. 


Mean corpuscular thickness: 


M.C.V. 

— — — . n 

Diameter y. 


Normal thickness 1.9 to 2.2 


micra. 

Howell-Jolly bodies: Expressed in per cent of 100 red blood cells from 
Wright’s stained films. Normally none present. 

Target cells: Expressed in per cent of 100 red blood cells from stained 
films, in which these cells have the appearance of a “bull’s eye” or target. 
In fresh preparations of blood, they are thin and highly flexible, assuming 
cup and bowl shapes. Normally less than 1 % are present. 

Fragility of the red cells to hypotonic solutions of sodium chloride: Method 
of Daland and Worthley. 8 Normal values: Hemolysis begins at 0.46% 
to 0.44%; complete at 0.20% to 0.24%. 

Bone-marrow biopsy: Sternal puncture method used. 

B. Methods Used in the Interpretation of Erythrocyte Destruc- 
tion. Bilirubin: Qualitative methods of van den Bergh. Quantitative 
method of Malloy and Evelyn; 15 Evelyn or Cenco photoelectric colorimeter 
used. Normal 0.3 to 1 mg. per 100 cc. _ 

Urobilinogen in feces: Quantitative determination. Method of uni- 
son, 530 based on the original method of Terwen 33 and the modification ol 
Fuerth and Singer. 11 Normal level of urobilinogen excretion 40 to 200 mg. 
per dav (average of 4-day collection of feces). 

Hanoi,: lie index- output per day lQ This indcx (first 

Hcmoiync inacx. Tota! hemoglobin m gm. . 

proposed by Belanogowa 1 ) expresses the urobilinogen excretion per day m 
relationship to 100 gm. of hemoglobin. Norma! value 11 to 2 ^ 
100 gm. of hemoglobin. The total hemoglobin is computed from the In- 
globin content in grams per 100 cc. of blood and from the total blood 
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volume. The advantage of the hemolytic index is that it takes into account 
the fluctuations which occur in urobilinogen output with variations in the 
total mass of hemoglobin in the body. 

Blood volume: Method of Gibson and Evans, 12 using the Evans blue dye, 
and the Evelyn photoelectric colorimeter (micro attachment). 

C. Lysolecithin. Determination of lysolecithin content of blood: Method 
of Singer; 316 the hemolytic titer of a serum extract containing this lysin is 
determined. 

Lysolecithin “quotient”: The lysolecithin titer of unincubated serum is 
compared to that of an aliquot sample of incubated unmoved serum. 
Singer 3Ic has shown that the lysolecithin titer of normal serum (1:2 to 1:8 
in man) is increased two to eight-fold by incubating the serum for several 
hours. This increase, which is apparently due to the action of an enzyme 
normally present in plasma is expressed in the lysolecithin quotient: 

Lysolecithin content of unincubated serum _ ^ 

Lysolecithin content of incubated serum 
Normally this quotient in circulating blood is a fraction of 1, i. e., \ to 


Table 1. — Normal Cases. 


Case. 

£ 

U2 

Age. 

s 

to 

p£2 

H 

. 

6? 

.o' 

B 

Daily fecal uro- 
bilinogen, mg. 

Hemolytic 

index. 

Expected blood 
volumes, in cc.* 

Determined blood 
volume, in cc. 

i • 

tj? 6, 

£ 

Lysolecithin 

content. 

Lysolecithin 

quotient. 

R.B.C. 

Plasma. 

Total. 

R.B.C. 

Plasma. 

Total. 

Umncu- 

bated. 

Incu- 

bated 

1 

M 

32 

15 0 

97 

CG 2 

Ill 


2193 


1914 


3988 

598 

1:2 

1:8 

1:4 

2 

F 

El 

14 7 

95 


11 2 

17G3 

2337 


1994 

B 

4534 

667 

1:8 

1:16 

1:2 

3 

M 

25 

_ . 

15 G 

in 

85 0 

11 4 

2475 

rm 





749 

1:4 

1:32 

1:8 

4 

M 

G3 

14 6 

94 

86 5 

12 3 

2295 

2805 

5100 

1966 

B 

4796 

B 

1:4 

1:16 

1:4 

5 

F 

64 

13 9 

m 

GS 0 

... _ . . 

13 3 

1484 

1960 

e||| 

1222 

1733 

2955 

511 

1:4 

1:8 

1:2 

6 

M 

25 

17 2 

in 

180 0 

19 2 

2637 

3223 


gg 

2770 

HH 

934 

1:2 

1:8 

1:4 

7 

F 

38 

tm 

El 

92 1 


1527 


Ej 

1275 

2125 

'• : 

452 

1:4 

1:16 

1:4 

8 

M 


13 2 

85 







2558 



1:4 

1:10 

1:4 


* Expected blood volumes based on the surface areas of the patients. 


Results (Tables 1 and 2). 1. Hemoglobin: Although in most in- 
stances there was a slight reduction in hemoglobin values, in only 
4 of the 9 cases was there definite anemia (below 12.5 gm.— 80%). 
These were Cases 1 (atypical leukemia), 3 (Gaucher’s disease), S 
(hepatic cirrhosis) and 15 (continuing or relapsed hemolytic anemia). 

2. Red blood cell count: Of the 19 splenectomized patients, 3 
(Cases 8, 15, and 18) showed red cell counts below 4 million per 
c.mm. In these cases, particularly in Case 15, the anemia was in 
all probability caused by continuation of the underlying pathologic 
process. Thus there were no cases in which anemia clearly related 
to splenectomy per sc was present. 

3. Leukocytes (Table 3): The white cell count was definitely 
elevated (above 12,000) in one-half the cases and above 10,000 in 
12 of 19. However, in Case 1, chronic lymphatic leukemia was 
present several years after splenectomy for “Banti’s disease,” and 
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in Case 15 there was persistent hemolytic anemia with secondary 
leukocytosis. That the leukocytosis was not a temporary phe- 
nomenon is attested by the fact that it was still present in several 
cases operated upon at least 3 years previously. 


Table 3.— Leukocyte and Differential Counts in Splenectomized Cases. 


Case. 

W.B.C. 
(thousands) 
per c.mm.). 

N. 

L. 

M. 

E. 

B. 

1 . 

17.8 

34 

47 

16 

3 

0 

2 . 

10.6 

71 

19 

9 

1 

0 

3 . 

18.3 

55 

36 

3 

4 

2 

4 . 

15.5 

43 

45 

12 

0 

0 

5 . 

13.3 

44 

30 

15 

11 

0 

0 . 

6.1 

46 

30 

17 

1 

0 

7 . 

15.6 

66 

25 

9 

0 

0 

8 . 

7.1 

32 

42 

18 

7 

1 

9 . 

7.7 

56 

27 

14 

2 

1 

10 . 

10.2 

51 

33 

11 

5 

0 

11 . 

10.4 

52 

36 

12 

2 

0 

12 . 

12.8 

50 

35 

7 

8 

0 

13 . 

9.4 

22 

68 

0 

4 

0 

14 . 

14.0 

45 

40 

14 

1 

0 

15 . 

19.5 

67 

17 

11 

3 

2 

16 . 

S.9 

48 

40 

9 

2 

1 

17 . 

7.4 

56 

32 

11 

1 

0 

18 . 

8.5 

69 

23 

6 

2 

0 

19 . 

12.4 

49 

29 

15 

6 

1 


Despite the elevation in leukocyte count commonly present, the 
neutrophils usually showed a relative reduction in their number. 
Thus the percentage of neutrophils was less than 60 in 15 of the 
19 cases. The absolute number of granulocytes was generally nor- 
mal, although in several cases (Cases 6, 8, 9, 13, 17) an absolute 
reduction in granulocytes was present. Conversely, the lympho- 
cytes and monocytes were generally increased in both a relative 
and absolute fashion. It is noteworthy that in 9 of the 19 cases, 
the monocyte percentage was 12% or over. Seven of the cases 
showed an eosinophilia of 4% or over. 

4. Platelets: Eight of the 19 patients (Cases 2, 3, 5, 7, 11, 15, 16, 
17) showed increased platelet counts (above 900,000 per c.mm.). 
The highest count (2,055,000) was observed in Case 2, operated 
upon 9 months previously because of traumatic rupture of the 
spleen. In 3 cases of thrombocytopenic purpura observed 4 weeks, 
S months and 2 years respectively after operation, the platelet 
counts were still abnormally high and the same finding was present 
in 2 cases of hemolytic anemia operated upon 2 years previously. 
There was no definite parallelism between elevations in the leuko- 
cyte and platelet counts, although some cases showed both. 

5. Reticulocytes: The reticulocyte counts were generally within 
the normal range of 0.3% to 1%. In Case 3 (Gaucher’s disease) 
the reticulocyte count was 2% and in Cases 14 and 17 (splenec- 
tomized for hemolytic jaundice) the reticulocytes numbered 2.7 % 
and 3.7 % respectively. Case 15, with severe hemolysis and sphero- 
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cytosis persisting 9 years after splenectomy, had 25.2% reticulo- 
cytes. Thus no effect upon the reticulocyte level by splenectomy 
per se was discovered. * 1 

6. Howell-J oily bodies: These definitely pathologic erythrocytes 
were found in varying number in all the cases regardless of the time 
elapsed since operation. This finding was the most constant one 
encountered in our studies. 

7. Target cells: These recently described 3 abnormal erythrocytes 
were present in increased numbers (above 1%) in 12 of the 19 cases 
(Cases 1 to 4, 6 to 8, 10 to 14). Although we have set an arbitrary 
level of 1 % as the upper limit of normality, ordinarily very few 
target cells are found. All cases without persistent hemolytic 
anemia (with the exception of Cases 5 and 9) showed an increase 
of target cells. Of great interest were the contrasting findings after 
splenectomy between the cases of acquired and congenital hemolytic 
jaundice. In the congenital group (Cases 16 to 19) target cells 
were not increased, whereas in the acquired group, despite well- 
marked spherocytosis prior to splenectomy, target cells were defi- 
nitely increased over normal. This finding was associated with a 
complete disappearance of the spherocytosis. There was no paral- 
lelism between the number of Howell-Jolly bodies and target cells. 
No nucleated red cells were found in the peripheral blood in our cases. 

8. Hypotonic fragility: Haden* 4 demonstrated the relationship 
which exists between the thickness of the erythrocyte and its hypo- 
tonic fragility. The thicker the red cell, the more fragile it is in 
hypotonic salt solution and vice versa. Following splenectomy in 
Cases 1 to 14 (showing normal or diminished hemolysis) the hypo- 
tonic fragility of the erythrocytes was decreased in almost every 
instance. The decreased saline fragility was more clearly expressed 
in the so-called “minimum fragility,” i. e., that solution which 
showed complete hemolysis. Whereas normally, complete hem- 
olysis occurs in solutions 0.30% to 0.24% NaCl, after splenectomy 
complete hemolysis took place only in solutions 0.16% to 0.0S% 
NaCJ. There was a direct parallelism between the increase in 
minimum resistance and that of the relatively thin target cells. 

In cases of hemolytic anemia (Cases 15 to 19) with persistent 
spherocytosis, the maximum fragility remained increased although 
the minimum fragility might be diminished. 

M.C.V., M.C.D., il I.C.T.: The mean corpuscular volume was in 
general little affected, most cases showing normal values (between 
S4 and 94 cu. micra), although a few showed borderline macro- 
cytosis. Except in the congenita! hemolytic group, the menu cell 
diameter was either normal or slightly increased. Cases 3, b, 8 
and 12 presented values of S.0, 7.S, 7.S, and S.l respectively. Of 
these, Cases 3 (Gaucher’s disease) and S (hepatic cirrhosis) showed 
definite evidence of liver disease in which macrocytosis is not un- 
commonly present. Case 12, with both an elevation in the mean 
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cell volume and diameter was an example of cured acquired hemo- 
lytic anemia. Tile mean cell thickness was within normal range 
(1 .7 to 2.3 micra) in all the cases except those of the congenital group, 
in which it was increased. 

8A. Bone-marrow findings : The bone-marrow was studied in 
several cases but sufficiently detailed changes to warrant any state- 
ment of results have thus far not been found. 

9. Bilirubin: The bilirubin values of most of the eases were 
within normal limits. The congenital hemolytic cases tended to 
show persistent slight bilirubinemia even after splenectomy, 

10. Urobilinogen excretion in the feces; Hemolytic index: The daily 
urobilinogen excretion expressed in absolute values was either nor- 
mal (40 to 200 mg. per day, Cases, 2, 4, 5, 6, 9, 14, 16, 18, 19), or 
less than normal (Cases 1, 3, 7, 8, 10 to 13, 17). That a low absolute 
daily value for urobilinogen does not always indicate a diminution 
in the output of the pigment may be recognized from the hemolytic 
index. This was determined in 14 of the 19 cases and was found to be 
lowered (less than 11 mg.) in 10, i. e., in about two-thirds of the cases. 
Only in Cases 3, 14, and 18 was the index normal and in Case 15 
(chronic hemolytic anemia) it was increased. The normal or slightly 
increased index in these cases was probably adequately explained 
by consideration of the various underlying pathologic processes. 
Of particular interest was the fact that 3 of 4 cases splenectomized 
for congenital hemolytic jaundice, although continuing to show slight 
spherocytosis and an increased saline fragility, nevertheless pre- 
sented a low hemolytic index. No definite parallelism between the 
number of target cells present and the low hemolytic index could 
be demonstrated, nor was there any relationship of the index to 
the time after operation. Thus, a low index was present in Case 9, 
operated upon 15 years previously for traumatic rupture of the 
spleen. 

11. Blood volume: Determination of the hemolytic index, which 
involves measurement of the blood volume, gave us the opportunity 
to compare the actual blood volume with the expected blood volume 
as computed from the surface area. Relatively small deviations 
from the expected volumes were found, except in Case 6 in which a 
definite increase in volume was noted and in Case 11 where the blood 
volume was definitely decreased. 

12. The lysolccithin metabolism: One of us 3l6 ' c has previously in- 
vestigated the mechanism of the production of lysolecithin, a hemo- 
lytic substance which was discovered in normal blood serum by 
Bergenhem and Fahraeus. 5 This mechanism can be expressed by 
the lysolecithin quotient. (L.L.Q.) Normally, in circulating blood 
(?’. c., blood in motion) this quotient is always a fraction of 1. In the 
reservoir blood of the spleen, which is at least temporarily excluded 
from the circulation and presumably acts like incubated unmoved 
blood, the LLQ was found to be 1. The spleen, which may be 
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termed the. incubator of the body,” at least as regards lysolecithin 
and its action upon red blood cells, produces a material amount of 
lysolecithin which cannot be further increased by incubation. 

hollowing splenectomy in 6 of 14 cases studied, the lysolecithin 
content of the unincubated serum from the peripheral blood was 
considerably lower than in normal individuals, a finding also ob- 
tained by Gripwall. 13 Normally, complete hemolysis of normal red 
cells occurs in dilutions of 1 :2 to 1:16 of lysolecithin extracted from 
10 cc. of serum. In the 6 eases above mentioned, complete hemol- 
ysis was observed only in dilutions of 1:1. In S of 14 cases exam- 
ined, no increase of the lysolecithin content of the serum occurred 
after incubation, resulting in a LLQ of 1. Since there was no ques- 
tion of “reservoir blood” this suggests a disturbance in the mechan- 
ism of the production of lysolecithin following splenectomy. 

13. Animal experiments: Additional experiments were carried 
out in 3 dogs, 8 guinea-pigs, and 1 rabbit, in ail of which hematologic 
studies were made before and after splenectomy. In general, the 
results in these normal animals were identical with those found in 
the human cases. In the dogs, target cells became extremely promi- 
nent. Thus in Dog 1, the peak target cell count was 72%, 109 days 
after splenectomy; 162 days after operation, the target cell count 
had become stabilized at approximately 33 %. There was ho anemia 
at this time and the hypotonic fragility was definitely decreased 
(from control 0.56% to 0.26%, to 0.44% to 0.16%). Howell-Jolly 
bodies were also present and there was marked leukocytosis. In 
the guinea-pigs, the percentage of target cells approximated that 
found in the human (5% to 10%) with an associated diminution 
in hypotonic fragility, hut the outstanding feature was the extreme 
thrombocytosis. In the rabbit, an extreme increase in platelets 
was also present, but even after 4 months, target cells were few in 
number and the hypotonic fragility was not increased. 

Discussion. Analysis of Results and Discussion of Literature. 
The most important reviews dealing with the effects of splenectomy 
are those of Pearce, Krumbhaar, and Frazier 38 (1914) ; Krumbhaar 21 
(1932) ; and Lauda 22 (1933). Our studies, which deal chiefly with the 
hematologic findings in a series of splenectomized humans, are in 
general confirmatory of previous findings and add a few details based 
on recently developed hematologic methods. In the review of Pearce, 
Krumbhaar and Frazier, 28 the effects of splenectomy in normal dogs 
are carefully studied. In the main, three results were noted : a varying 
degree of transient anemia, increased hypotonic resistance of the 
erythrocytes, and a diminished tendency for the development of 
jaundice when hemolytic agents were administered. Much empha- 
sis is laid upon the anemia which was commonly present for several 
weeks. Krumbhaar’s 21 review of 1932 again stresses the anemia, 
which at least indirectly is stated to be associated with the increase 
in red cell resistance. The monograph of Lauda 22 on the physiology 
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appearance after splenectomy, a control of this function by the 
spleen. This theory, which was the first to express a possible 
hormonal regulation by the spleen qf a bone-marrow function, was 
apparently substantiated by the experiments of Lauda and Flaum. 25 
These authors regularly observed Howell-Jolly bodies in splenecto- 
mized rats. When 2 rats were joined in parabiosis and the spleen 
of one of the partners removed, no Howell-Jolly bodies were ob- 
served. However, when the second partner was also splenectomized 
the blood of both showed erythrocytes with Howell-Jolly bodies. 
Erythrocytes containing these abnormal nuclear fragments are 
occasionally seen in conditions other than following splenectomy. 
Thus, Ching and Diggs 7 found these cells in certain cases of sickle 
cell anemia, and they have been observed in other conditions. 

(b) Target Cells and Increased Resistance of the Red Cells to Hypo - 
tonic Solutions. The cause of the increased hypotonic resistance of 
the red cells after splenectomy has occasioned a great deal of specu- 
lation. Bottazzi, 6 who first observed this phenomenon in 1894, con- 
sidered three possibilities: (1) anemia; (2) the presence of more 
resistant red cells arising from a rapidly growing bone-marrow; 
(3) the presence in the spleen of a special function to weaken certain 
red cells. Of these possibilities, he considered the third the most 
likely and accordingly postulated for the spleen a “ hemacataton- 
istic” function. Pearce, Krumbhaar, and Frazier 2s believed that 
the increased resistance was probably associated with the anemia; 
the increased resistance in cases without anemia or after the anemia 
had disappeared was not adequately explained. Banti 1 and others 
postulated that the spleen possessed a hemolyzing function, and a 
number of workers have observed that red cells from the splenic 
vein were definitely more fragile than those from the splenic artery. 
In recent years, the work of Bergenhem and Fahraeus 5 pointed to 
the possibility that the activity of “ lysolecithin ” in the relatively 
stagnant blood of the spleen might increase erythrocyte fragility. 
Ham and Castle 15 have recently concluded that the spleen is the 
chief "stasis” organ of the body and that there, as the result of at 
first purely physical and later of metabolic changes, the red cells 
became spheroidal and thus more readily destructible. Ivnisely s^' 7 ' 
histologic studies in the living animal have beautifully demon- 
strated that blood, free of plasma, stagnates in splenic sinusoids for 
several minutes to several hours. Thus numerous studies bearing 
directly or indirectly on the problem, indicate that the red blood 
cells become modified in their passage through the spleen and that 
the modification is in the direction of increased spheroidicity and 
increased hypotonic fragility. 

A definite morphologic basis for the increased hypotonic resis- 
tance of the erythrocytes after splenectomy has only recently been 
established. Barrett 5 noted the presence of “bull's eye” or "target 
types” of red blood cells in many cases of obstructive jaundice. 
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Because increased resistance of the red cells was simultaneously 
present, the possibility that these two abnormalities were related 
was suspected and careful studies brought out clearly that the more 
resistant red cells were indeed the target cells. Barrett 3 found 
that these cells were present chiefly in four groups of cases: (1) 
obstructive jaundice; (2) hypochromic anemia; (3) following splen- 
ectomy, and (4) in steatorrhea. His studies indicated that the 
target cell was thinner than the normal red cell and thus could 
imbibe more water before bursting (hemolyzing) in hypotonic solu- 
tions of salt. Thus, the target cell with decreased hypotonic fragility 
may be said to be the antithesis of the small, thick spherocyte of 
hemolytic jaundice with increased hypotonic fragility. 

Following splenectomy in acute hemolytic anemia (hemolytic 
icterus of the acquired variety) it was noted that when the patient 
recovered, the hypotonic resistance of the red cells was increased 
and target cells were present. However, the splenectomized cases 
of congenital hemolytic jaundice, whether in crisis or otherwise, 
continued to show an increase in hypotonic fragility of the erythro- 
cytes and target cells were absent. This has already been noted 
by Heilmeyer 16 and Dameshek and Schwartz 10 as an additional 
differential feature between the congenital and acquired cases of 
hemolytic jaundice. 

It seems likely therefore that in the absence of the spleen, the 
red cell population tends on the whole to be thinner than normal. 
Although the red cells vary slightly in degrees of thickness, as in 
diameter, cells thin enough to be called “target cells” are few. 
With the spleen removed, there is probably a shift to a thinner popu- 
lation with a definite proportion (3% to 20%) of the erythrocytes 
becoming thin enough to be recognized as target cells. A definite 
and striking reduction in mean corpuscular thickness in our cases 
was not observed, although in general a tendency to diminished 
values was present. In congenital hemolytic jaundice, with thick 
cells being persistently formed, the reversion to somewhat dimin- 
ished thinness after splenectomy is not sufficient to result in the 
appearance of target cells, as in the acquired cases. The probable 
reduction in erythrocyte thickness after splenectomy indicates that 
the spleen normally causes increased spheroidicity of the red cells. 
The exact mechanism of this action has not as yet been clarified. 

, ( c ) Hemolytic Index. Possibly related to the increased resistance 
of the red cells after splenectomy is the lowered hemolytic index, 
which was found in nearly two-thirds of our cases. This finding 
apparently persists for many years after operation, since it was 
present in Cases 1 and 9, splenectomized respectively 8 years and 
15 years previously. As previously pointed out, the hemolytic index 
relates the urobilinogen excretion to the amount of pigment (total 
hemoglobin) from which it is derived. The total hemoglobin may 
be said to be a function of the individual’s surface area. Normally 
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'the hemolytic index demonstrates that 100 gm. of hemoglobin yield 
about 10 to 20 mg. of fecal urobilinogen per day. Heilmever and 
Oetzel ' found that 10.3 to 22.8 mg. of urobilinogen were excreted 
for each 100 gm. of hemoglobin (using 16.5 gm. hemoglobin as 
100%). In our investigations, figures of 11.1 to 20.8 mg. were 
obtained (15.5 gm. hemoglobin = 100%). That the hemolytic 
index is a much better indicator of the degree of blood destruction 
than the fecal urobilinogen output itself is brought out in Case 3, a 
small boy aged 10. Here, although the urobilinogen excretion was 
only 29.4 mg., a figure definitely lower than normal, the index of 
14.6 mg. demonstrated a normal output of pigment. Only with 
the use of the hemolytic index is it possible to obtain a definite 
interpretation of the degree of destruction, particularly in small 
individuals. and in anemia, providing, to be sure, that all the other 
factors of importance in urobilinogen metabolism are taken into 
consideration. 

That the urobilinogen output in the feces may be diminished after 
splenectomy has occasionally been observed in previous investiga- 
tions (Pearce, Krumbhaar, and Frazier, 58 Lichtenstein and Ter- 
wen, 24 Paschkis, 27 Barker, 2 Watson, et al. iZb Singer, 31 " in an experi- 
mental study, found a decrease in fecal urobilinogen output amount- 
ing to about one-half the preoperative value in 50% of his splenec- 
tomized dogs. The remaining dogs failed to show any considerable 
change. In most of the recorded human cases, the diminished out- 
put after splenectomy was studied in patients with hemolytic 
anemia in which prior to splenectomy there is a greatly increased 
blood destruction. In our cases, normal indices after splenectomy 
were present in a case of Gaucher’s disease and in 2 cases of con- 
genital hemolytic jaundice (where the normal index may indeed 
indicate slightly increased hemolysis for a splenectomized patient). 
All the other cases had a low hemolytic index (with the exception 
of Case 15 — continuing hemolysis— and the possible exception of 
Case 5— 11.4 mg.). 

Of interest was the fact that 2 of the 4 cases of congenital hemo- 
lytic jaundice showed, despite the continued presence of sphero- 
cytosis, a low hemolytic index. From these observations alone it 
woidd appear that spherocytes, despite their abnormal fragility to 
hypotonic saline, are no more readily destroyed than normal 
erythrocytes. 

The urobilinogen excretion in the feces is the end-result of a very 
complicated process, and one can therefore not conclude that the 
urobilinogen excretion is a direct measure of hemoglobin destruction. 
Theoretically, the low hemolytic index found after splenectomy 
could be due to various causes: (1) diminished blood destruction; 
(2) a disturbance in the ability of the body to form bilirubin from 
liberated hemoglobin ; (3) an increased storage of pigment. Of these 
possibilities, the first, namely a reduction in the breakdown of 
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hemoglobin, appears to be the most likely. The question arises 
whether the formation of target cells (which are more resistant 
toward hypotonic saline) may be directly correlated with the lowered 
hemolytic index. No direct parallelism was, however, demon- 
strable between the actual number of target cells and the degree of 
the diminution in urobilinogen output. A general diminution in 
thickness, not directly measurable, may be of greater importance 
in this connection than the finding of large numbers of target cells. 
It should be noted that target cells are present in considerable num- 
bers in sickle cell anemia and in Cooley’s anemia, conditions asso- 
ciated with a greatly increased hemoglobin destruction. Further- 
more, the presence of a low hemolytic index is by no means specific 
for the postsplenectomized state, as this finding is present to some 
extent in other conditions as in iron deficiency anemia, polycythemia, 
hypothyroidism, and so on ( cf . Pasehkis, 27 Watson 334 ). In these 
conditions, however, the lowered hemolytic index can probably be 
interpreted as denoting an imbalance between erythrocyte formation 
and destruction. This will be discussed in a later paper. 

5. Studies of the lysolecithin metabolism in our cases revealed two 
disturbances, i. e., a frequent lack of increase of lysolecithin in the 
serum upon incubation and a low absolute value of lysolecithin in 
the peripheral blood. The latter observation has been confirmed 
by Gripwall. 13 It is apparent from these observations that splen- 
ectomy frequently leads to a disturbance of the whole mechanism 
of lysolecithin production. 

In summary, therefore, our studies of the splenectomized indi- 
vidual have frequently revealed: (1) leukocytosis due primarily to 
an increase in lymphocytes and monocytes; (2) thrombocytosis; 
(3) qualitative morphologic changes in the erythrocytes— notably 
the presence of Howell-Jolly bodies, and target cells; (4) increased 
hypotonic resistance of the erythrocytes; (5) a diminution in the 
hemolytic index as evidenced by the relationship of the fecal uro- 
bilinogen output to the total mass of hemoglobin, and (6) disturb- 
ances in the lysolecithin metabolism. 

If one takes 7 (Table 4) abnormalities which are frequently 
present following splenectomy (leukocytosis, thrombocytosis, How- 
ell-Jolly bodies, target cells, increased “minimal” hypotonic resis- 
tance, lowered hemolytic index, and altered lysolecithin metabo- 
lism) and assigns to each a score of 1, a score of 7 was obtained in 
1 case, and a score of 6 in 6 cases. In 3, there was a score of 5 
and in I (a case which had been splenectomized 15 years previously), 
a score of only 2 was obtained. In Cases 5, 11 and 13 the data were 
incomplete. A normal individual has a score of 0. A score of 5 
or over in a group of 7 possible factors may thus be indicative of the 
splenectomized state (and perhaps of a “hyposplenic” condition). 

That this grouping of characteristics is specific for splenectomy is 
as yet not certain. It is possible that other conditions will be 
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found in which scores of “5” or over are present. Our studies 
have thus far, however, failed to demonstrate this. For example, 
in cirrhosis of the liver, in which target cells and increased resistance 
of the red cells are common, there is generally leukopenia, thrombo- 
cytopenia, absence of Howell-Jolly bodies, a variable hemolytic 
index, and a normal lysolecithin metabolism (score of 2). In 
Cooley’s anemia and “target cell” anemia, 96 again although target 
cells and increased resistance are common, none of the other factors 
is usually present, and what is more the hemolytic index is very 
high. The same holds true for sickle cell anemia, in which the 
added factor of Howell- Jolly bodies may be present, as well as 
occasional leukocytosis (highest possible score 4). In polycythemia, 
leukocytosis, thrombocytosis and diminished hemolytic index are 
frequently present, but the remainder of the 7 factors are all normal. 
In chronic “primary” hypochromic anemia, target cells, increased 
resistance, and diminished hemolytic index may all be present but 
there is usually leukopenia and thrombocytopenia and the remain- 
ing factors are normal. In a case of probable splenic vein thrombo- 
sis, there was diminished hemolytic index and changes in the lyso- 
lecithin metabolism (score of 4), but leukopenia and thrombopenia 
were present. Although this scoring of abnormal factors is interest- 
ing, we recognize the danger of placing any great reliance on numeri- 
cal systems of this sort. We have found it of some use to us, at 
least at present, in evaluating the evidence obtained in the cases 
studied in this investigation. 


Table 4.—" Score” of Post-splenectomy Factors. 


Factors. 

Nor- 

mal. 

Case 

1. 

2. 

3. 

4. 

5. 

G. 

7* 

8. 

9. 

u 

n. 

12. 

13. 

14. 

Increased W.B.C. 

— 

+ 

+ 


+ 

+ 

- 

+ 

- 

- 

+ 

4’ 

4- 

- 

4- 

Increased platelets 

- 

- 

+ 

+ 

- 

+ 

- 

+ 

- 

- 

- 

+ 

- 

- 

_ 

Ho well- Jolly bodies 

- 

+ 

+ 

+ 

4~ 

+ 

+ 

+ 

+ 

+ 

+ 

4~ | 

ii 

4- j 

J. 

Target cells 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



4* ' 

+ 

+ 

+ 1 

i4- 

Increased minimal saline 
resistance 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

4- 

4- 

Diminished hemolytic 
index 

, — 

+ 

4- 

1 — 

4- 

- 

! + 

!+. 

4- 

4- 

4~ 

+ 

4- 

4- 

- 

Disturbed lysolecithin 
metabolism 

- 

+ 

- 

4* 

+ 

Not 

done 

4- 

4* 

+ 

- 

+ 

Not 

done 

4- 

Not I 
done | 

{ 

J- 

Score 

0 

c 

r, 

G 

G 

5 

of 

G 

o 

_ i 
< | 


O 

G 



Of i 
0 1 

fi 

! 

of i 
6 1 

__ 


The Concept of “ Ihjpo.splcni.sm ” find “Hypersplenism.” In the 
course of our studies, we observed a case of obscure refractory 
anemia in which the score of abnormal factors was 4 (of the <> 
tested) Ilowell-Iollv bodies and target cells were common and the 
hemolytic index was very low. Infortunately, the lysolcr.tl.in 
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tests could not be done and a postmortem examination was not 
obtained. The tentative diagnosis of a possible “hyposplenic” 
state was made. Both Schur 30 and Schilling 29 made the diagnosis 
of possible atrophy of the spleen in 2 non-splenectomized cases show- 
ing large numbers of Howell-Jolly bodies. In Schilling’s case, a 
postmortem examination was performed and showed definite atro- 
phy of the spleen. In this connection, it should be noted that 
target cells are common in sickle cell anemia, in which the spleen 
is not infrequently atrophied. 

In studies of a case showing large numbers of target cells (“target 
cell anemia” 99 ) and many features of Cooley’s erythroblastic anemia 
(without erythroblasts in the peripheral blood) the possibility of a 
“hyposplenic” condition was postulated. Target cells were also 
found in considerable numbers in typical cases of Cooley’s anemia 
and in sickle cell anemia. That Cooley’s anemia, “target cell” 
anemia, and sickle cell anemia (hemolytic syndromes unaffected by 
splenectomy, and with increased hypotonic resistance ) are related 
diseases with the target cell as the common denominator was 
broached as a possibility. 

That “ hypersplenic ” conditions may also be present is not beyond 
the realm of possibility. It would appear likely, as stated above, 
that the spleen has a “reciprocal” relationship to the bone-marrow. 
The increase in leukocytes and thrombocytes after splenectomy, the 
appearance of both Howell-Jollv bodies and target cells, all suggest 
this relationship. It is conceivable that splenic hyperactivity might 
result in a greater than normal effect upon the marrow. Were this 
so, leukopenia, thrombocytopenia, and increased hemolysis might 
result. It is interesting that in many instances of splenomegaly for 
whatever cause (cirrhosis of the liver, “chronic congestive spleno- 
megaly,” the Banti syndrome, infections associated with splenomeg- 
aly, notably typhoid fever, miliary tuberculosis, and so on) leu- 
kopenia and thrombocytopenia are common. To speculate further, 
splenic “hyperactivity” may be “total” or limited to one function 
(“selective”). For example, idiopathic thrombocytopenic purpura 
may be due to greatly increased activity of the platelet inhibiting 
function and hemolytic anemia to a greatly increased hemolytic 
function. 

The possibility that splenic hormones of various types exist, some 
of them affecting the bone-marrow, has already been broached. 
The presence of Howell-Jolly bodies (improper denucleation?) after 
splenectomy suggests a possible relationship of the spleen to extru- 
sion of the normoblast nucleus. Persistent leukocytosis after splen- 
ectomy suggests a relationship (inhibitory?) to leukocyte formation, 
and persistent thrombocytosis an inhibitory or regulatory relation- 
ship to megakaryocyte-platelet formation. These possibilities are 
deserving of future investigation. 

vot.. 202, no. 2.— august, 1941 7 
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Summary. A hematologic study was made of 19 patients in whom 
splenectomy had been performed from 4 weeks to 15 rears previ- 
ously. A rough grouping of cases into non-hemolytic and hemo- 
lytic was made. Particular attention was paid to the question of 
“target” cells and increased hypotonic resistance; the fecal urobil- 
inogen output and the “hemolytic index”; and the “ lvsolecithin ” 
metabolism. 

Howell-Jolly bodies in erythrocytes were a constant finding after 
splenectomy, and target cells— -abnormally thin red cells— were 
usually present. The presence of the latter, together with a ten- 
dency to thinness on the part of the whole red cell population 
adequately accounts for the increased hypotonic resistance usually 
seen and is confirmatory of previous work indicating that the spleen 
makes red cells thicker and more fragile to hypotonic salt solutions. 

A lowered urobilinogen output in the feces was commonly found 
after splenectomy, indicating a diminution in hemoglobin destruc- 
tion, perhaps related to increased thinness of red cells. The 
“hemolytic index” is regarded as a more important indication of 
hemoglobin destruction than the urobilinogen output alone. This 
index is determined from knowledge of the daily fecal urobilinogen 
output and the total circulating mass of hemoglobin (as determined 
from blood volume estimations). 

The lvsolecithin metabolism showed definite alterations after 
splenectomy. These observations are confirmatory of the conten- 
tion of Bergenhem and Fahraeus who believe that this normal serum 
lysin is produced in the spleen. 

Leukocytosis and thrombocytosis were commonly present. These 
findings, together with the appearance of Howell-Jolly bodies (inade- 
quate denucleation?) suggest that splenectomy may result in the 
removal of certain normal inhibitory mechanisms of the spleen upon 
the bone-marrow. 

The splenectomized state is thus characterized by the presence of 
a group of several abnormal factors. The possibility that “hvpo- 
spienic” and “hvpersplenic” conditions are occasionally present is 
discussed, together with evidence indicating a hormonal regulation 
of certain bone-marrow functions by the spleen. These observations 
of splenectomized individuals indicate that the spleen lias direct 
effects on the red cells which traverse its sinusoids and indirect 
effects on the hematopoietic cells of the bone-marrow. 
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HEMOPHILUS INFLUENZAE TYPE A ENDOCARDITIS. 

By Harry M. Rose, M.D., 

NEW YORK, N. Y. 

(From the Departments of Medicine and of Bacteriology, College of Physicians and 
Surgeons, Columbia University.) 

Ever since the description of the so-called “influenza” bacillus 
by Pfeiffer 19 in 1893, reports of endocarditis caused by this organism 
have appeared from time to time. The disease, however, is appar- 
ently not common, because less than 40 well-authenticated cases 
have been recorded during the half century which has since elapsed. 
Austin 1 and Jehle 12 furnished the first clinical reports of influenzal 
endocarditis, and Horder 11 in 1909 regarded it as second only to 
streptococcal endocarditis in prevalence. This opinion was later 
favored by Librnan 11 and Blumer 2 , both of whom thought the 
influenza bacillus to be responsible for most of the cases of endo- 
carditis not caused by streptococci. More recently, Thayer 25 
estimated that only about 2.5% of all cases of endocarditis are 
caused by the influenza bacillus, which he ranked fifth in order of 
importance, giving precedence to the streptococcus, staphylococcus, 
pneumococcus, and gonococcus. Judging from the infrequency with 
which the disease has been reported, however, it would seem that 
even Thayer’s relatively low figure may be somewhat too high. 

In 1918 Malloch and Rhea 16 pointed out that many alleged cases 
of influenzal endocarditis probably represented errors in diagnosis 
due to inaccurate or inadequate bacteriologic study. Such errors 
obviously were unavoidable at that time since little was known 
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concerning influenza bacilli beyond the facts that they were Gram 
negath e, hemophilic, and apparently antigenieally heterogeneous. 
However, the study of accessory growth factors by Davis, 5 Thjotta 
and Avery* Kristen sen,' 3 Rivers, 23a -* and Fildes/" soon afterwards 
disclosed that important differences among organisms of the hemo- 
philic group could be detected by their behavior on media containing 
the now well known “X” and “A ” factors. Moreover, certain 
strains of influenza bacilli were shown by Pritchett and Stillman 32 
and by Fildes 96 to possess hemolytic properties. This information 
formed the basis for a classification of the Hemophilus group, pro- 
posed by Valentine and Rivers 28 in 1927, which is now generally 
accepted and is reproduced, with slight modification (Table lj. 
According to this classification, strains of influenza bacilli may be 
sharply divided into two main groups: (1) Hemophilus influenza, 
which require both “X” and “V” factors for growth, and (2) 
Hemophilus para-influenza which require only the “V” factor. 

Table I. — Classification" op the Hemophilus Group. 

A. Requiring both X and V* factors: Hemophilus injhicnzx 

1. Non-hemolvtic 

2. Hemolytic 

B. Requiring only V factor: Hemophilus pora-injlucnzx 

1. Non-hemolytic 

2. Hemolytic 

C. Requiring only X factor: Hemophilus cams 

D. Requiring neither X nor V factors; Hemophilus pertussis 

* The “X" factor is heat-stable and associated with the iron-bearing portion of 
the hemoglobin molecule. The "V" factor is heat-labile and has been found by Lwoff 
and Lwoff 15 to be identical with Warburg’s co-zymase. 

For many years influenza bacilli were thought to be antigenieally 
heterogeneous, but not long ago Pittman 20 and Platt 2 ’ showed that 
freshly isolated “smooth” strains of II. influenza, develop capsules 
which contain specific soluble substances of carbohydrate nature, 
in a manner similar to pneumococci. Such strains may he divided 
by serologic methods into 6 types, designated a, b, e, d, e and f. 
More recently, Chandler, Fothergill, and Dingle 3 demonstrated that 
II. influenza exhibits the M-S-R variation of Dawson, 6 and that 
capsules arc produced and type-specificity is developed only in the 
mucoid phase. These important findings readily explain the ob- 
servation, emphasized by Topley and Wilson, 27 that apparently 
smooth strains of II. influenza frequently are antigenieally non- 
specific. So far as is known, strains of II. para-influenza never 
develop a mucoid phase and are therefore never type-specific. A 
summary of the important differences between 77. influenza and 
II. para-influenza is given in Table 2. 

In the light of these facts concerning influenza bacilli it P of 
interest to note that all adequately .studied cases of influenza! 
endocarditis thus far reported have been found to be caused by 
II. para-influenza, and according to Miles and Gray 17 there P »<> 
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case on record in which II. inflvenzse which required both “X” and 
“ V” growth factors has been isolated from an endocardia] infection. 
Recently this opinion was endorsed by Craven, Poston, and Orgain, 4 
who carefully reviewed the literature, and were able to collect only 
36 cases, including 2 of their own, in which the clinical, pathologic, 
and bacteriologic data were sufficient to warrant the diagnosis of 
influenzal endocarditis. Craven and his colleagues state, indeed, 
that the 4 cases reported by Miller and Branch, 18 DeSanto and 
White, 8 and Fothergill et a/., 10 were caused by hemolytic II. inflvenzx 
which required “X” and “V” factors, but they agree that there are 
no cases which fulfill the requirements for inclusion in the non- 
hemolytic group. However, an examination of the papers by Miller, 
DeSanto, Fothergill, and their associates, reveals no mention what- 
ever of the use of “X” and “V” media, and moreover, in the 
opinion of the author, the organisms which they described were 
probably II. 'para-influenzse. 


Table 2.— Comparison of Hemophilus Influence With Hemophilus 

Para-influenzse. 


Morphology ' 

Accessory growth 
factors 

Action on blood 
agar 

Action on 

carbohydrates 
Action on 
tryptophan 
Pathogenicity for 
animals 
Antigenic 
classification 


II. influenzx. 

Cocco-bacilli with occasional 
rods and filamentous forms 

Requires both “X" and “V” 
factors 

Usually non-hemolytic 

Fermentative powers usually 
slight 

Most strains produce indole 

Mucoid strains pathogenic for 
mice and rabbits 

Mucoid strains elaborate cap- 
sules containing specific sol- 
uble substances and may be 
classified antigenically as 
Types a, b, c, d, e, and f 


II. para-influenzse. 

Marked pleomorphism; rods 
and filaments predominate 

Requires only “V” factor 

Not infrequently hemolytic 

Usually wider range or fer- 
mentative powers 

Most strains fail to produce 
indole 

Comparatively less patho- 
genic for mice and rabbits 

Antigenically heterogeneous; 
no capsule formation 


Since no authentic case of bacterial endocarditis caused by 
typical II. injlvenzx has been previously recorded, it has been im- 
possible, as pointed out by Miles and Gray, 17 to compare the known 
para-influenzal endocarditis with the influenzal variety. The fol- 
lowing example of true influenzal endocarditis is therefore reported.* 

Case Report. H. R., No. 588159, a 19-year-old, single, electrical worker, 
was admitted to the Presbyterian Hospital on August 25, 1939. The 
patient’s chief complaints were weakness, fatigue, and night sweats of 3 
months’ duration. He had also had fever for 1 week prior to admission. 

One brother developed rheumatic heart disease when 5 years old and died 
at the age of 22, apparently of subacute bacterial endocarditis. The re- 
mainder of the family history was non-contributor}'. 

The patient had in general enjoyed good health until the onset of the 
present illness. He had never suffered from any acute infectious diseases 

* The author is indebted to Dr. Robert F. Loeb and Dr. James W. Jobling for 
permission to report this ease. 
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of note. At the age of 9 he was seen in the Vanderbilt Clinic with complaint 
of swelling and stiffness of the right knee. He was found to be afebrile but 
no other details of this incident remain available. Two years later, when 
aged 11, he was treated in the clinic for an acute left maxillary sinusitis 
which rapidly subsided. Examination of the heart and lungs at that time 
revealed nothing definitely abnormal. Throughout the succeeding 8 years 
he apparently enjoyed excellent health and was able constantly to partici- 
pate in various forms of strenuous athletics. 

Three months before entry the patient suddenly developed excruciating 
pain, in the left cheek. Examination showed some tenderness over the left 
maxillary region, and the Roentgen ray revealed slight clouding of the left 
antrum. The antrum was punctured for drainage, but the washings 
appeared clear and unfortunately no culture was taken. The pain subsided 
within a few days without further treatment. Shortly following this 
episode the patient noted gradually increasing weakness, lethargy, and 
fatigue, accompanied by frequent drenching night sweats. Three weeks 
before admission his right ankle became painful, hot, and swollen. He was 
seen at another hospital where a diagnosis of rheumatic fever was made. 
The swelling and pain in the right ankle gradually disappeared over a period 
of 2 weeks. Nine days before entry the patient was seen in the dispensary, 
where examination of the heart and lungs disclosed no abnormal findings. 
Weakness, fatigue, and night sweats continued, and for the week previous to 
hospitalization he had a constant fever ranging as high as 103° F. 

Physical Examination. On admission the temperature was 101.2° F., 
pulse 90, respirations 20, and blood pressure 140/40. Examination re- 
vealed a well-developed and nourished white male who did not appear 
acutely ill. There was no dyspnea, orthopnea, cyanosis, edema, or jaundice. 
A risible pulsation was noted in the suprasternal notch. The mucous 
membranes appeared somewhat pale. No petecliire could be discovered. 
The finger-tips were neither clubbed nor tender. 

The heart was enlarged to the left by percussion and a forceful, heaving 
apex impulse was palpated 12 cm. to the left of the midsternal line in the 
5th interspace. On auscultation over the apical area there was a faint, 
short, pre-systolic murmur with a snapping first sound, followed by a loud, 
blowing systolic murmur transmitted to the left axilla. A rumbling diastolic 
murmur in early and mid-diastole was also detected. Over the aortic area 
could be heard a rather harsh systolic murmur, transmitted well to the neck 
vessels, followed by a blowing diastolic murmur which almost completely 
obliterated the second sound. The lungs were clear. The pulse was of the 
Corrigan type. _ . 

The abdomen was relaxed and soft. The liver could not be palpated and 
was not enlarged to percussion. The spleen was slightly enlarged, firm, 
smooth, and non-tender. The remainder of the physical examination was 
not remarkable. . 

Laboratory Findings. Examination of the blood revealed a hemoglobin 
of 9.5 gm. (Salili), an erythrocyte count of 3,900,000, and a leukocyte count 
of 9000. The differential count showed neutrophils 77%, lymphocyte-- 
17 %, monocytes 5%, and eosinophils 1 %. The erythrocyte sedimentation 
rate was SO mm. in 1 hour, lining the Westcrgren method. The Ivnne te-t 
was negative. The urine showed no albumin, sugar, or cast®, and contained 
only a few leukocytes. A Roentgen ray film of the chest taken at a distance 
of 2 meters showed an enlarged cardiac silhouette with the following 
measurements: MR 3.5 cm.. ML 10.8 cm., TD 14.3 cm., Cl 5.8 cm >c 
internal diameter of the chest was 27.5 cm. The configuration of the peart 
shadow suggo-ted that seen with aortic valvular lesions. The electrocardio- 
gram exhibited form change-- indicative of definite heart muscle damage. 
The P-R interval was 0.15 seconds, with normal sinus rhythm. A Mona 
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culture taken on the day of admission showed no growth after incubation for 
2 weeks. 

The admission diagnosis was: Rheumatic heart disease, mitral stenosis 
and insufficiency, aortic stenosis and insufficiency, subacute bacterial endo- 
carditis. 

Course. During the patient’s first admission he had surprisingly few 
symptoms and in general his condition remained good. He did, however, 
have a constantly elevated rectal temperature ranging from 99.6° to 
101.8° F. The leukocyte count, repeated at frequent intervals, was 
moderately elevated from 11,480 to 16,150, with 67 to 77% neutrophils. 
The diastolic pressure remained constantly low, and the blood pressure 
readings varied between 120/25 to 140/40. From time to time he com- 
plained of feeling weak and tired, and occasionally he had a profuse diaph- 
oresis associated with upward swings in temperature. 

Four days after entry (Aug. 29) localized areas of tenderness developed 
suddenly over the left -elbow and at the tip of the left index finger, with 
slight redness and swelling. Two days later the spleen was found to be 
somewhat larger, but still non-tender. Petechise appeared for the first time 
in the lower conjunctive on Sept. 10. Meanwhile the auscultatory findings 
in the heart had changed, and the snapping apical first sound could no 
longer be heard, while the heart tones at the apex had become almost 
entirely replaced by a continuous murmur. 

In spite of the apparently clear-cut evidence of bacterial endocarditis, 
6 blood cultures taken between the date of admission and Sept. 11 all 
failed to show growth, although none was discarded before 2 weeks of 
incubation. 

Chemotherapy with sulfanilamide was begun Aug. 30 and continued 
until the patient’s discharge, 52.8 gm. being administered over a period of 
12 days. Blood concentrations of the free drug ranged from 3.0 to 6.4 mg. 
per 100 cc. The sulfanilamide was well tolerated, but it failed completely 
to effect any improvement in the condition of the patient. 

Arrangements in the meantime had been made for terminal care and the 
patient was discharged to his home on Sept. 11, the 18th hospital day, with 
admission diagnosis unchanged. 

' Interval Note. The patient was seen in the Vanderbilt Clinic on Sept. 21, 
at which time he had gained 9 pounds and stated that he felt much better. 
However, on the preceding evening he had experienced a sudden, sharp pain 
in the right heel followed by a temperature rise to 102° F. He was seen 
again a week later, and still felt fairly well, but temperature had remained 
elevated, with daily rises to 101° to 102° F, On physical examination no 
new findings were observed. The hemoglobin was 13.1 gm., erythrocyte 
count 4,850,000, and leukocyte count 11,800 (neutrophils 70%, lympho- 
cytes 24%, and eosinophils 6%). The erythrocyte sedimentation rate 
had dropped to 35 mm. in 1 hour. A blood culture again failed to show 
growth. 

On Oct. 14, 5 weeks after discharge, he suddenly developed severe pain 
in the left upper quadrant, unaccompanied by nausea or vomiting. The 
pain continued without relief, and shortly thereafter he returned to the 
hospital. 

Final Admission. Tire patient was readmitted on Oct. 17, 1939. On 
entry the temperature was 102° F., pulse 120, respirations 26, and blood 
pressure 130/0. 

Physical Examination. The patient now appeared acutely ill with 
marked pallor and cyanosis of the skin and mucous membranes. There was 
moderate dyspnea and orthopnea. Petechia: were noted in the lower con- 
junctiva of the right eve. Capillary pulsation could be readily seen in the 
nail beds. The heart was enlarged 12 cm. to the left in the 5th interspace 
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Yith a heaving apical in pulse. On auscultation at the apex a short pre- 
systolic murmur was heard, followed by a loud, harsh systolic murmur well 
transmitted into the left axilla. Over the base a harsh svstolic murmur was 
heard, followed by a short, high-pitched diastolic whiff. No pericardial 
friction rub could be detected. The lungs were clear except for a few frank 
medium rales at the left. base posteriorly. The abdomen was moderately 
distended. A smooth, slightly tender liver was palpated 4 finger-breadth's 
below the right costal margin. A tender, moderately enlarged spleen could 
also be felt. No other significant observations were made on physical 
examination. 

Laboratory Findings. The blood showed a hemoglobin of 11.0 gm., 
erythrocyte count 4,570,000, and leukocyte count 23,840 (neutrophils 86%, 
lymphocytes 11 %, monocytes 2%, and eosinophils 1 %). The erythrocyte 
sedimentation rate was 45 mm. in 1 hour. The urine contained 1 + albumin 
and numerous granular casts, but no leukocytes or red cells. A blood culture 
yielded growth of H. influenzas in both flasks after incubation for 4 days. 

Course. On admission the patient was restless and apprehensive with 
almost complete disorientation. Dyspnea and cyanosis were marked, with 
the respiratory rate varying from 25 to 40 per minute, and oxygen therapy 
only slightly alleviated the respiratory distress. The rectal temperature 
remained elevated, ranging from 101.2° to 102° F. 

On Oct. IS, the day following admission the patient was worse and the 
white count had risen to 38,900, with 89% neutrophils. Venous engorge- 
ment appeared marked and the dyspnea and cyanosis were unrelieved. 
However, the lungs were surprisingly clear. 

On Oct. 19 the patient was rational and more comfortable. A portable 
Roentgen ray of the chest revealed cardiac enlargement and evidence of 
fluid at both bases. The findings in the electrocardiogram were strikingly 
different from those previously observed. Deformity of the QRS complexes 
was present in all leads with a prominent Q,F. T,, T?, and T.F were 
upright, while T a was inverted. The P-R interval was 0.16 seconds. The 
changes indicated a marked disturbance of ventricular conduction. The 
venous pressure was 310 mm. of water. 

On Oct. 20 the patient was worse again and appeared very restless, as 
well as more dyspneic and cyanotic. The white blood count had further 
increased to 40,280, with 85% neutrophils. Examination Tevealed that 
while the upper trunk and extremities were cold, livid, and cyanotic, the 
legs and feet were warm and pink. The cyanosis of the lips, face, chest, and 
abdomen was striking. There was puffiness of the face and upper back with 
distention of the neck veins. The lungs were remarkably clear. The cardiac 
findings were unaltered. The liver was tender and enlarged to the level of 
the umbilicus. Following a brief period of augmented restlessness the 
patient suddenly expired. . 

Final Diagnosis. Rheumatic heart disease, mitral and aortic stenosis 
and insufficiency, subacute bacterial endocarditis, cardiac decompensation, 
chronic passive congestion of liver and spleen, infarction of spleen, and 
thrombosis of superior vena cava. 

Autopsy. (Autopsy No. 13193, 21 hours postmortem by Dr. V. H- 
Carnes). Examination was restricted to an 8-inch abdominal mci-ioii 
through which the contents of the thoracic cavity were removed cn bloc, 
together with the aorta, trachea, and larynx. The pleura! surfaces were 
smooth and there were no pleural adhesions. The pericardial eavitv con- 
tained no excess of fluid and its surfaces appeared normal. The superior 
vena cava was removed in its entirety and contained no thrombus, ihe 
jugular veins were empty. .. 

Heart The heart was verv large and weighed 5 If) gin. The epicaroium 
itself was not remarkable, but near the apex of the heart, overlying the 
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anterior portion of the interventricular septum, there was a small, lenticular 
elevation about 5 mm. in diameter. Section through this showed an oval, 
encapsulated, reddish-gray mass of thrombus which appeared to lie in a 
tinjr aneurysm of one of the coronary arteries. 

On opening the heart both the right and left ventricles were found to be 
greatly dilated and hypertrophied. The right auricle appeared norma], 
but the left auricle was considerably dilated and showed hypertrophy of its 
wall. There were no thrombi in the auricular appendages. The tricuspid 
and pulmonary valves were normal. The aortic valve was anomalous and 
possessed but 2 cusps, the coronary arteries being centrally placed in the 
sinuses of Valsalva. The left cusp had been largely destroyed by r a bacterial 
infection and was the seat of large, yellow, fungating vegetations which had 
completely replaced its posterior half. The vegetations had also spread 
upward into the neighboring sinus of Valsalva, and downward onto the 
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Fig. 1. — Bacterial vegetation of aoitic valve. 

Fig. 2 . — Hcrnoplahts influenzx in vegetation of aortic valve. 

aortic leaflet of the mitral valve, which showed several small, imperforated 
mycotic aneurysms. The mitral valve was otherwise normal and there u as 
no evidence whatever of antecedent rheumatic involvement. 

Microscopic examination of a section made through the base of the aortic 
vegetation showed it to be composed of eosinophilic necrotic material 
almost devoid of cells, with patches of dense calcium deposition about its 
lower border (Fig. 1). Intermingled with these patches of calcification and 
covering virtually the entire surface of the vegetation were large colonies 
of bacteria. Sections stained with methylene blue, under higher magni- 
fication, showed masses of bacteria which exhibited mainly filamentous 
forms, although many eocco-bacilli were also present (Fig. 2). 

Gross examination of the ventricular myocardium revealed numerous 
small, pale, yellowish fat deposits, but in only one place in the middle portion 
of the left ventricular wall was there a pinkish, translucent area sugeestive 
of a fresh sear. The apical portion of the left ventricle was very thin, no 
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doubt partly due to the dilatation, but possibly also the result of nutritional 
disturbances consequent to the small mycotic aneurysm of the coronary 
artery described near the tip of this ventricle. All of the coronary arteries 
were carefully opened in search for emboli, but no others were found which 
could be recognized with the naked eye. 

Microscopic examination of sections removed from both ventricles, 
revealed numerous areas, of fresh necrosis of the muscle, with loss of nuclei 
and increased eosinophilic staining of the cytoplasm (Fig. 3). Other areas 
of recent destruction still contained a few infiltrating inflammatory cells. 
One focus of older destruction showed mainly acellular connective tissue 
with. numerous small blood-vessels (Fig. 4). In spite of the extensive myo- 
cardial damage bacterial emboli were found in only 2 small coronary 
arterioles. In addition a section through the small mycotic aneurysm at 
the apex of the left ventricle showed clearly the origin from the tiny coronary 
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Fig 3 — rocal necrosis of myocardium. 

Tig. 4. — Healed focus of myocardial degeneration. 


branch accompanying it. At the point of emergence of the vessel from the 
aneurysm its \\ all \\ as greatly thickened eccentrically by a ma=s of calcined 
material. The aneurysm itself was entirely filled by old, autolyzing throm- 
bus material in which no bacteria could be recognized (Fig. 5). . 

Sections through the interventricular septum showed changes similar 
to those observed in the ventricular myocardium, but less severe. The left 
auricle appeared normal. 

Lungs. The right and left lungs weighed. 540 gm. and 480 gm. rcspec- 
tivclv. On section the pulmonary tissue did not ooze fluid to any con- 
siderable extent, but there was a mottled, rusty appearance to the cut sur- 
face characteristic of chronic passive congestion. A'o areas of consolidation 

were seen and none of the vessels contained thrombi. 

Microscopic examination showed all the alveoli to be filled with great 
number- of large mononuclear phagocyte-, which, however, contained little 
if any vi-ible pigment. There wa= no edema. 
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Spleen. The organ was large and swollen, and weighed 380 gm. Be- 
neath the capsule were irregular, raised areas varying from one to several 
centimeters in diameter, which on section proved to be rather fresh infarcts. 
The Malpighian bodies were unusually conspicuous. The splenic artery 
and vein appeared normal. 

The microscope revealed marked chronic passive congestion, as evidenced 
by thick pulp cords and prominent distended sinusoids. The larger infarcts 
showed necrosis and considerable autolysis in their deeper portions; with 
scattered accumulations of neutrophils at their margins. Two fairly large 
branches of the splenic artery were plugged by organizing thrombi. 

Liver. The liver weighed 2100 gm. and on section presented the classical 
“nutmeg” appearance of chronic passive congestion. Microscopic examina- 



Fig. 5 Fig. 6 

Fig. 5. — Mycotic aneurysm of coronary artery. 

Fig. G. — Gram-stained preparation of IS-hour culture of H. injlucnzx 
in Levinthal's broth. 


tion showed large areas of atrophy or necrosis occupying the central portion 
of the lobules. There were hemorrhages into the collapsed framework 
where liver cells had disappeared. 

Kidneys. The right and left kidneys weighed 185 gm. and 220 gm., 
respectively. The surfaces of each displayed large, pitted scars of healed 
infarcts measuring 1 to 3 cm. in their greatest dimensions. On section addi- 
tional small, reddish areas of fresh infarction were seen. No hemorrhages 
were observed. The pelves, calices, and ureters were not unusual. 

Microscopic section showed old and recent emboli in the interlobular 
arteries suppljdng the areas of infarction. Embolic lesions of the glomeruli 
were absent. 

The remainder of the gross and microscopic examination failed to disclose 
anything of significance. 
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Bacteriologic Findings* Tile organism was isolated from both flasks 
of a blood culture taken on Oct. 17, 1939, 3 days before the death of the 
patient, and also from the heart’s blood and a well-washed portion of aortic 
vegetation obtained postmortem. 

For the antemortem blood culture two 5-cc. portions of the patient's 
venous blood were each seeded into 100 cc, of a beef heart infusion broth 
containing 1% neopeptone and 0.5% dextrose. In these cultures growth 
first appeared on the 4th day as a diffuse clouding of the media. Micro- 
scopic examination of Gram-stained preparations revealed numerous small 
Gram-negative bacilli and cocco-bacilli, with an occasional longer rod or 
filamentous form. Identical findings were obtained from a culture of heart’s 
blood taken during the necropsy, as well as from a portion of the aortic 
vegetation which was repeatedly washed in saline and incubated in nutrient 
broth containing defibrinated rabbit’s blood. 

The results of further study of this strain may be summarized as follows: 

Morphology. Repeated subculture on Levinthal’s agar showed the 
morphology to be remarkably stable. Gram-stained smears of colonies 
chosen after 12 to 18 hours incubation invariably showed mainly small 
Gram-negative bacilli or cocco-bacilli noth few rod or filamentous forms 
(Fig. 6). 

Plain Agar. No growth. 

Plain Broth. No growth. 

Sheep Blood Agar. No growth. However, when plates were inoculated 
simultaneously with Staph, aureus, good growth occurred with typical 
satellite phenomena. No hemolysis. 

Rabbit Blood Agar. Good growth in IS hours. Colonies 0.5 to 1.5 mm. 
in diameter, tended to be confluent, and appeared flat, watery, and smooth, 
with slightly serrate edges. The cultures smelled strongly of indole. No 
hemolysis. 

Levinthal’s Agar. In IS hours colonies were 1 to 3 ram. in diameter, flat, 
glistening, and somewhat opaque. By transmitted light the colonies 
showed marked iridescence. Odor of indole pronounced. 

A' and V Media. The results may be summarized in the following table: 


Media. Growth. 

Nutiient agar + autoclaved Lcvinthn! broth (X factor) 0 

Nutrient tram yeast cvtiact (V factoi) • 0 

Nutrient agar + autoclaved Levinthal broth ■+- yeast ext' act (X + V 

factors) + + + + 


Fermentation Reactions. Fermentation tubes to which Levinthal’s broth 
had been added were employed. The organism produced a small amount of 
acid from dextrose but did not attack mannite, lactose, saccharose, sahem, 
maltose, or xvlo«e. 

Indole Production. Large amounts of indole were formed in peptone 
water to which Levinthal’s broth had been added. . 

Antigenic Classification. Organism* removed from culture* on Levin* 
thal’s agar at the end of G hours showed a clear-cut Qucllung reaction with 
Type a H. influenza’ rabbit anti*erum. No capsule swelling was observed 
with Type b anti*erurn. 

Precipitin reaction* were aho carried out with 6-hour cultures. 1 > (, a v> 
suspensions of the organi-ms were made in normal saline, shaken thoroughly, 
and centrifuged. The clear supernatant fluid wa* then layered over Type a 
and Type b anti-era. With the Type a *ermn a good immediate ring v a- 
observed, with heavy precipitate at the end of 21 hours. The reaction 
with Type I) anti-serum wa* negative. 

* The author wi-he- to thank Ur. Hattie Alexander and Mj“* Katherine ( • Mi"’ 
tor their us-i-taw c in identifying the orcam-m 
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Pathogenicity. Unfortunately no adequate study was made of patho- 
genicity. One Swiss mouse inoculated intraperitoneally with 0.5 cc. of an 
18-hour Levinthal broth culture succumbed within 24 hours. No other 
animals were inoculated. 

Comment. The clinical course and pathologic findings in this 
case of//, influenzae endocarditis did not differ significantly from those 
observed by others in subacute bacterial endocarditis caused either 
by II. para-influ enzae 4 - n or Strep, viridcms . 2 - 25 The infection appar- 
ently originated in the maxillary sinus, with subsequent implantation 
on a congenitally anomalous aortic valve. This was followed by a 
prolonged febrile course, repeated embolic phenomena culminating 
in splenic infarction, and terminal acute myocardial insufficiency. 
In the final hours of the illness a rather striking polymorphonuclear 
leukocytosis developed, accompanied by physical findings sug- 
gestive of thrombosis of the superior vena cava. At necropsy, 
however, no thrombosis of this vessel could be demonstrated, and 
the lack of pulmonary edema, coupled with the evidence of marked 
passive congestion of the liver and spleen, indicate that these findings 
were due primarily to extreme right heart failure. The high leuko- 
cytosis must be explained chiefly on the basis of the extensive 
splenic infarction and necrosis, since elsewhere acute inflammatory 
changes were remarkably scant. The myocardium, while showing 
numerous areas of recent degeneration and scarring, showed fewer 
evidences of embolization of the coronary arteries than have been 
reported in Strep, virulam endocarditis. 7 - 24 The one small mycotic 
aneurysm of a coronary arteriole was not of recent origin. The 
localization of the bacterial infection on the bicuspid aortic valve is 
worthy of special note, since it adds emphasis to the well-estab- 
lished fact, 2 - 17 - 25 that antecedent injuries ( e . g., rheumatic) or con- 
genital abnormalities of the heart valves are almost a sine qua non 
in subacute bacterial endocarditis, regardless of the nature of the 
infecting agent. 

The total duration of the illness, which lasted approximately 5 
months, is of some interest in the light of the suggestion by Craven, 
ct ah, 4 that endocarditis due to II. influenzae may be more acute 
than that due to II. para-influenzae, and that the non-hemolytic 
varieties of the 2 species produce more rapidly progressive endo- 
cardial infections than do their hemolytic relatives. It would seem 
from this case, in which the course was typically subacute, that 
until further evidence has been gathered the classification of influen- 
zal endocarditis must remain strictly a bacteriologic one, since 
thus far no striking differences have been observed between true 
influenzal infection on the one hand, and para-influenzal infection 
on the other. 

Summary. ]. A fatal case of subacute bacterial endocarditis 
caused by Hemophilus influenzae , Type a, with implantation on a 
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bicuspid aortic valve, is reported. This is apparently the first case 
record of proved endocardial infection with this organism. 

2. The clinical course and pathologic findings in this case do not 
difier significantly from those previously described in II. para - 
influenzae endocarditis. 

3. A brief period of chemotherapy with sulfanilamide failed to 
affect the outcome of the disease. 
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CRITICAL RATES IN VENTRICULAR CONDUCTION. 

Unstable Bundle Branch Block. 

By Harry Vesell, M.D., 

ASSOCIATE ATTENDING PHYSICIAN and CAIIDIOLOGIST, BETH ISIHEI, HOSPITAL, 

NE1V YORK, N. Y. 

(From the Cardiographic Laboratory and the Medical Services of Beth Israel 

Hospital.) 

Conduction in the ventricles of a normal heart as expressed by 
the QRS complex of the electrocardiogram is a stable phenomenon. 
During the 40- to 50-year span of adult life this function is remark- 
ably constant in the absence of heart disease, the QRS varying little 
if at all. Even considerable increases in rate of the normal heart 
fail to alter significantly the contour of this complex. 

Several factors are believed to be concerned with this stability 
of function. One is the relatively smaller blood supply to the con- 
duction tissue, which is said to lie one-half that to heart muscle fiber." 
A second is the resistance of tills tissue to anoxemia,'-'' "' and a third 
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factor is vagal control. 7 ’ 15 ’ 20,23 All these and other factors, such as 
nervous chemical/ and mechanical influences, 5 need clarification. 

Impairment of the circulation to the bundle of His and its branches 
is a fairly common occurrence in the course of disease of the coronary 
arteries. Often an expression of this condition is block in a branch 
of the bundle. Some idea of its frequency can be obtained from the 
observation by King 9 that at the Johns Hopkins Hospital bundle 
branch block was seen' more often' than rheumatic fever. In a 
period of 5 years it was one-quarter as common as auricular fibrilla- 
tion, three times as common as auricular-ventricular block, and four 
times as common as auricular flutter. 

The usual type of bundle branch block is permanent, even though 
this be over a period of many years. 

Bundle branch block may be transient. This type was first described 
by Lewis 12 ® in 1913. It has been reported many times since and is 
not rare. As in the case reported by Lewis, what usually occurs is 
that a patient who has developed bundle branch block, improves 
and eventually normal ventricular conduction is restored. Here 
there has been only one continuous episode of block. 

Another form of transient bundle branch block has been described 
(Hermann and Ashman 5 ), wherein many fluctuations back and forth 
between normal conduction and block take place. Responsible for 
these vacillations are several causes including changes in rate. The 
following report is concerned with this type of transient bundle 
branch block with frequent fluctuations between good conduction 
and block due to variations in rate. The changes are almost always 
complete within the duration of a single cj'cle, one QRS being normal 
and the next being that of bundle branch block, or the reverse. 
At a certain cardiac rate the equilibrium between normal ventricular 
conduction and block is so delicate that it is frequently disturbed 
and several changes back and forth may take place within the 
period of a minute or two. These changes are caused by such slight 
alterations as an increase or decrease in the heart rate of only one or 
two beats per minute. There is then a critical rate at which the 
appearance or disappearance of bundle branch block can be brought 
about by these very slight alterations in rate. Two such cases are 
described below, one in which the increase in rate of one beat or 
more per minute induced bundle branch block from normal ven- 
tricular conduction; the other in which a decrease in heart rate of 
one beat or more per minute acted similarly when the ventricle was 
beating at a certain rate. 

Case Abstracts. Case 1 . — P.Y., admitted to the hospital (service of the 
late Dr. M. A. Rothschild) Dec. 12, 1930, was Russian, 49 years old and had 
4 children. There was no history of any disease in childhood; she did not 
recall having had rheumatic fever or chorea. Venereal disease was denied. 
Symptoms of the menopause started in 1926. The present illness had its 
onset at about that time. She complained of spells of dizziness, buzzing 
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in the head, spots before her eyes, and a consciousness of her heart beat 
associated with some precordial pain. She was told her blood pressure was 
1 /0. After a short hospitalization she returned home and was able to 
perform most of her household duties. She did so for the next 4 years until 
6 weeks before her admission to this hospital when she had an attack of 
pam over the precordium and with this a return of all the previous symp- 
toms- The pam was moderately severe and radiated from the lower end 
of the sternum up to the throat. It lasted about 1 hour. Similar attacks 
of snorter duration occurred about 5 to 6 tiroes daily and were usually 
brought on by effort. In this 6-week period she noticed very frequently 
during the day a peculiar, sudden, and momentary tinkling sensation inside 
her chest in the region of the left breast. 

On examination, the patient did not appear ill and was quite comfortable 
lying in bed. Her temperature was 99.6° F., pulse rate 102, and respirations 
were 24 per minute. There was no dyspnea, orthopnea or cyanosis. The 
retinal vessels were thinned. The heart was not enlarged on Ifoentgen 
examination. When the patient was in the recumbent position the heart 



Fig. 1. — Case 1. Leads I, II, and III. (o) The palient in recumbent position; 
heart rate, G7 to 71 per minute; Q/?.S, normal. (6) The patient standing; heart 
rate, 79 to S7 per minute; bundle branch block. 


sounds were normal. The blood pressure was ISO'IOO. The lungs were 
clear. The liver edge was palpable 3 fingers below the costal margin. 
There was slight bilateral pretibial pitting edema. Tiie routine examination 
of the urine, complete blood count, and blood non-protein nitrogen were 
within normal. The electrocardiogram taken in the recumbent position 
was within normal except possibly for the Q wave in Lead 1 (Fig. In). 

Clinical Diagnosis. Hypertensive and arteriosclerotic heart disease, 
coronary sclerosis, coronary occlusion!?), myocardial fibrosis, angina 
pectoris. 

The patient remained in the hospital 21 weeks. After the first few days 
she became very uncooperative. She left the hospital against advice, her 
condition little changed. 

Observations. With the patient sitting up in bed and connected to Lead 1 
of the electrocardiograph, the string shadow was seen to perform short nun of 
two different types of excursions which alternated frequently, paroxysm* 
of each lasting from several heats to several minutes. From a knowledge of 
previously taken records, it wa* readily apparent that the coinploxe*. 
consisting of quicker and shorter QUS excursion* and an upright T wave. 
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were those o'f normal conduction, and that the slower excursions of longer 
duration with the T wave directed downward were those of bundle branch 
block. 

While the patient remained in the recumbent position the ventricular 
conduction was normal, the QRS being of the normal variety (Fig. la). 
While the patient was standing, the QRS waves were all of the bundle 
branch block type (Fig. 1&). When the patient was sitting, frequent 
fluctuations between the two types of QRS were observed with paroxysms 
of each of varying length. 

Other maneuvers were carried out and their effect on the QRS observed. 
These were: inspiration and expiration with the patient recumbent, sitting, 
and also standing, exercise, carotid sinus pressure, and injections of atropine 
and pilocarpin. 

Many changes back and forth between normal ventricular conduction 
and bundle branch block were recorded. When the rate was measured, it 
was seen that there was a close relationship between the ventricular con- 
duction and cardiac rate. At slower rates ventricular conduction was 
normal; at faster rates bundle branch block was present. This was so, 
regardless of postural changes, respiratory variations and other maneuvers 
except insofar as they affected the rate of the heart. 




Fig. 2. — Case 1. Lead I. Aiabic numbers are the R-R inteivals in seconds. 
The patient in lecumbent position after exercise. As the cardiac late slows bundle 
bianch block icveits to noimal, aftei complex A, when the R-R interval inci eases 
fiom .91 to .92 second. At D there is a letuin to bundle bianch block as the caidiac 
late inci eases and the R-R intei val is i educed fiom .84 to .82 second. 


With the patient in the recumbent position following exercise, the ECG 
was recorded as the cardiac rate gradually slowed (Fig. 2). R-R intervals 
gradually increased from 0.68 to 0.91 sec. up to complex A. During 37 
such_ cycles each QRS was of the bundle branch block type. As the slowing 
continued the next R-R interval was 0.92 sec., an increase of 1/100 sec. 
The QRS' suddenly became normal and remained so during 7 beats while 
the R-R intervals ranged between 0.92 and 0.S4 sec. The rate again grew 
faster. As the R-R interval decreased from 0.84 to 0.82 sec. there was a 
sudden change to bundle branch block ( B ) which persisted during the next 
16 complexes with the R-R intervals between 0.S2 and 0.68 sec. Thus 
before the first change, (A) bundle branch block was present at all rates 
faster than 65 beats per minute and after the second change ( B ) at all rates 
faster than 71 per minute. The change from block to normal conduction 
was sudden and complete within the period of one cycle. Though the 
transition was not gradual, there were some variation* in the QRS and T 
complexes, readily seen S cycles before the change to normal conduction. 
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At other times the critical cardiac rate was observed to be 72, 73, 75 
and 76 beats per minute, with bundle branch block when these rates were 
exceeded. 

Four changes between conduction and block with variations of rate are 
illustrated in Figure 3 . 

The heart sounds at the apex were listened to by one observer* while 
another was watching the string shadow on the camera face. During 
normal ventricular conduction the first sound at the apex was clear, of 
medium pitch, moderately loud and not accompanied by a murmur. When 
bundle branch block was present the first sound was impure, much lower 
in pitch and intensity, and was immediately followed by a low-pitched, 
rumbling, systolic murmur lasting through one-half of systole. These 
sounds were observed many times. Each was always found true to one 
type of ventricular conduction and was regularly associated with it. 



Fu;. 3.— Case 1. Lead I. Four changes in conduction occurring during ■cnrinfion* 
in cardiac rate arc illustrated. 


Frequently at the instant of change in conduction as noted by the change 
in heart sounds or motion of the string shadow of the electrocardiogram, 
the patient said site felt a sudden “ tinkling "sensation in her chest. _ 

The blood pressure was taken while the patient was in the sitting position 
when changes in the type of ventricular conduction were occurring. The 
blood pressure remained the same during normal conduction, during block, 
and during the transitions. 

CAse 2.— E.B., admitted to the Beth Israel Hospital (service of Dr. I. W . 
Held) on April 15, 1940, was 50 years old, married, and had 2 children. 
Eight years ago she received treatment in the hospital for mild hyper* 
thvrokiism. The basal metabolic rate was +32. 

The present admission to the hospital ua« due to an attack of an upper 
respiratorv infection with fever, =ore throat, cough, and pains in the ann- 
and legs. * On examination the temperature was 103.2° F.; puke 64, and 
the respiratory rate 2S. She appeared to be acutely ill. The pharynx 
reddened. Xeck vein- were full. The lung-' u ere clear. The heart *a- 

♦ With the of Dr. David Ball. 
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enlarged to the left. The cardiac rate was completely irregular but without 
a pulse deficit. A loud harsh systolic murmur heard at the apex was 
transmitted well to the axilla. P 2 was louder than A s and was accentuated. 
The blood pressure registered 124/58. Venous pressure was 18 cm. of 
water by direct measurement in an antecubital vein. The liver could not 
be definitely palpated. There was no edema, cyanosis or clubbing. Retinal 
arteries were narrowed. 

Clinical Diagnosis. Acute upper respiratory infection. Arteriosclerotic 
heart disease, coronary sclerosis, myocardial fibrosis, auricular fibrillation, 
Class IV (new classification*). There was a moderate leukocytosis; 18,000, 
69% neutrophils; a slight anemia, 4 million red blood cells and 70% hemo- 
globin. Erythrocyte sedimentation rate was 25 mm. in 45 minutes. The 




Fig. 4. — Case 2. Leads I, II, III, and IV F. The change to bundle branch block is 

seen in Lead III. 


urine had a specific gravity of 1.020, and a slight amount of albumin. 
Non-protein nitrogen in the blood was 40 mg. per 100 cc. The blood 
culture was sterile. 

The Roentgenogram revealed some general enlargement of the heart 
with local accentuation of the left auricular, left ventricular and right 
contours, also some calcification of the aortic arch and marked pulmonary 
hypervascularization. 

The Roentgen-kymogram (Dr. I. S. Hirsch) indicated diminished ampli- 
tude of the aortic pulse wave, thought to be due to arteriosclerosis. 

A four-lead electrocardiogram was taken on the day after admission 
(Fig. 4). There was auricular fibrillation. RT in Leads I, II, and IV F 

* Nomenclature and Criteria for Diagnosis of Diseases of the Heart, 4th ed.. 
New York Heart Assn., 1939. 
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were depressed. In Lead III the cardiac rate slowed and there occurred 
one transition to bundle branch block. Here there was at least one inter- 
mediary complex of lesser block indicating a more gradual transition to 
apparently complete block. 

An electrocardiogram taken the next day (Fig. 5) revealed 22 changes 
back and forth between QRS waves of normal duration and those of some 
bundle branch block in 83 complexes recorded. There were 36 normal and 
47 of incomplete bundle branch block.* The longest R-R interval which 
was followed by a normal QRS was 1.48 sec., equivalent to a rate of 40.4 
beats per minute. All beats at faster rates had normal QRS complexes. 
The shortest R-R interval giving rise to bundle branch block was 1.49 
sec., equivalent to a cardiac rate of 40.3 per minute, and here the QRS 
complex was that of lesser degree of bundle branch block. 



Fig. 5. — Case 2. Leads I, II, and III. Aberrant QIIS forms lark the small initial 
deflection, are wider and slurred; the It-T 'cement (s displaced. The QRS intervals 
vary from 0.0“ sec. in the normal type to 0.12 sec. in some of the aberrant forms. 


Discussion. The above 2 cases represent conditions of unstable 
conduction in the branches of the bundle of His. Frequently the 
equilibrium between normal and abnormal conduction became so 
delicate that it was disturbed by such subtle alterations as a change 
in the cardiac rate of only one beat or at times of even a fraction of a 
beat per minute. This delicate equilibrium was present when the 
heart was beating at a certain rate level. At this critical rate an 

* The l>e!ief that these alteration' in the QRS-T complex are due to a disturbance 
in the left (or richtl bundle branch or their primary branches r* assumed** rather 
than that they are produced by effects upon the more distal Ihtrktnje system. The. 
however, is immaterial to the matter under discussion. 
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increase in the cardiac rate of only one beat per minute in Case 1, 
and, in Case 2 where the rate was quite slow, a decrease in rate of 
one beat per minute, was sufficient to block conduction in a bundle 
branch. The critical rate varied on different days. At different 
times in Case 1 it was 65, 71, 72, and 75 with block as these rates 
were exceeded. In Case 2 a record indicated that when the rate 
was 40.4 per minute or faster the conduction was normal and when 
the rate was 40.26 per minute or slower there was block. 

The change from the normal to block or the reverse usually took 
place within the period of one heart cycle. Occasionally, however, 
the change to block was more gradual with at least one or two inter- 
mediary complexes of lesser block simulating the Wenckebach type. 
This type of bundle branch block with transitional complexes has 
been produced experimentally by varying the pressure with the 
blunt edge of a knife on the bundle or main branch. 18 ' 19 Its existence 
in human cases, however, is rare. An explanation given for this 
rarity is that the difference between normal conduction and complete 
bundle branch block is usually only from .04 second to .05 second, 
leaving little room for transitional stages of partial bundle branch 
block. 21 In the 2 cases described above the small, gradual varia- 
tions in rate occurring at times were adequate to bring out these 
transitional forms. 

Digitalis was not taken by either patient up to the time of the 
observations described. 

The pathologic anatomy of the unstable state of conduction may 
be of any type which involves the branches of the bundle of His or 
the bundle itself. Congenital septal defects, rheumatic syphilitic 
or other types of inflammatory diseases, and primary vascular 
changes, either acute or chronic, involving the arteries to the bundle 
and its main divisions, are possible causes. Vascular disease is the 
most common etiologic factor and was considered the cause in the 2 
cases described above. The lesion may be a small local one catching 
a main bundle branch or it may be diffuse myocardial damage with 
diffuse involvement of the bundle branch system, as found in the 
majority of cases of chronic bundle branch block by Master and his 
associates. 13 The second patient who had moderate enlargement of 
the heart and cardiac failure was most likely one of the diffuse type. 
The first patient had neither enlargement nor much failure so that one 
could be less certain of the extent of myocardial involvement. 

The nature of the state of unstable conduction has been pictured 
by Carter and Dieuaide 2 who, in referring to conduction in the 
auricular ventricular bundle, stated: “. . . . a few intact fibers may 
under favorable circumstances serve to carry on the process nor- 
mally, while some subtle local circulatory deficiency or a temporary 
increase in vagal action may result in failure of the few remaining 
fibers to function.” 

Repair of the bundles of His when once destroyed probably does 
not occur (Erlanger). 126 Any recovery of function therefore is due 
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to physiologic alterations. Conduction in the bundle branches may 
be influenced by oxygen, 1 glucose, 14 drugs such as digitalis, 4 quini- 
dine 11 and morphine, 3 and by changes in the cardiac rate. 3 ’ 5 - 8 "- 1 - 23 
, Temporary failure of conduction as in the above 2 cases is con- 
sidered to be due to local functional changes which are the result of 
fatigue as described by G. C. Robinson. 110 - 5 
Unstable bundle branch block would be observed more frequently 
if at least one lead of the electrocardiogram were taken both in the 
recumbent position and after the rate has been increased by any 
measures deemed feasible, such as change in position or exercise. 
1 his would apply, of course, particularly to patients in whom disease 
of the coronary arteries is suspected. The first patient described 
in this report was referred to the hospital for study because repeated 
changes in the QRS complex were noted in the electrocardiogram 
taken in the office of the physician (the late Dr. M. A. Rothschild). 
The patient was in the sitting position. It is likely that, had the 
electrocardiogram been taken with the patient in the recumbent 
position when the heart rate was continuously below the critical 
level, it would have been normal, as was demonstrated later when the 
patient was in the hospital. Thus, an important aid in the evalua- 
tion of the case would have been missed, at least for some time. 
Doubtless the same situation holds for other cases. In patients 
with slow cardiac rates, as in Case 2, it would be desirable to take 
part of the ECG with the patient in the recumbent position after a 
period of rest, when slower rates obtain. An occasional instance of 
bundle branch block may be noted during a spontaneous paroxysm 
of sinus or auricular tachycardia or after auricular premature con- 
tractions. 10 

Of interest also is the fact that a symptom may be present at 
the time of change from one type of conduction to the other. A 
“tinkling” sensation in the chest was described by the first patient. 
This was noted several times to coincide with the changes in conduc- 
tion as observed on watching the movement of the electrocardio- 
graphic string shadow. No unusual sensation in the chest was felt 
by the second patient. 

The prognosis and treatment of unstable bundle branch block is 
essentially that of the underlying disease of the heart. With im- 
provement the bundle branch block may disappear and normal con- 
duction return permanently or for a long time. This occurred in 
the second case. If the damage to the myocardium is progressive, 
then permanent block would be expected. Progressive involvement 
of the right and left bundle branches might produce complete 
auriculoventricular block.- 4 

Summary and Conclusions. A state of unstable conduction in the* 
branches of the bundle of Ilis occurs which is closely related to the 
cardiac rate. A slight change in rate causes a bundle branch block 
when the heart is beating at a critical rate level, bundle branch 
block similarly reverts to normal with slight changes in rate. , 
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Transitions from normal conduction to bundle branch block and 
the reverse are usually sudden and take place within a single beat. 
Intermediary stages of lesser block are present at times. 

The pathologic anatomy and mechanism of unstable bundle 
branch block are discussed briefly. Functional changes of fatigue 
or recovery from fatigue are probably responsible for the fluctua- 
tions between conduction and block. 

Two cases are described. In one, ventricular conduction, as 
expressed by the QRS, appeared normal when the cardiac rate was 
below a critical level. Block was present when the rate was faster. 
In the second case, ventricular conduction was normal when the rate 
was above a critical level of 40.3 per minute, and block in a bundle 
branch was present when the rate was slower. 

It is advisable at times, when myocardial changes are suspected, 
to take the ECG at more than one cardiac rate. 

REFERENCES. 

(1.) Baker, B. M.: Arch. Int. Med., 45, 814, 1930. (2.) Carter, E. P., and Dieu- 

aide, F. R.: Bull. Johns Hopkins Hosp., 34, 401, 1923. (3.) Danielopolu, D., and 

Daneilescu, V.: Arch. d. mal. du coeur, 14, 529, 1921; 15, 361, 1922. (4.) Ham- 
burger, W. W. : Med. Clin. North America, 13, 343, 1929. (5.) Hermann, G., and 

Ashman, R.: Am. Heart J„ 6, 375, 1931. (6.) Hill, G. W.: J. Physiol., 81, 70, 1934. 

(7.) Howell, W. H. : Text Book of Physiology, 14th ed., Philadelphia, W. B. Saun- 
ders Company, p. 580, 1940. (8.) Katz, L. N., Hamburger, W. W., and Rubinfeld, 

S. H.: Am. Heart J., 7, 753, 1932. (9.) King, J. T.: Am. J. Med. Sci., 187, 149, 1934. 

(10.) Krumbhaar, E. B.: Arch. Int. Med., 19, 750, 1917. (11.) Levy, R. L.: Ibid., 

30, 451, 1922. (12.) Lewis, T. : (a) Brit. Med. J., 1, 484, 1913; (6) Mechanism and 

Graphic Registration of the Heart Beat, 3d ed., London, Shaw & Sons, p. 77, 1924. 
(13.) Master, A. M., Kalter, H., Dack, S., and Jaffe, H. L.: Am. Heart J., 20, 
186, 1940. (14.) Moore, N. S., and Stewart, H. J. : Ibid., 5, 469, 1930. (15.) 

Newman, M.: Brit. Med. J., 2, 1134, 1931. (16.) Resnik, W. H. : J. Clin. Invest., 

2, 117, 1925. (17.) Robinson, G. C.: (a) Arch. Int. Med., 18, 830, 1916; (6) Ibid., 

24, 422, 1919. (18.) Rothberger, C. T., and Winterberg, H. : Ztschr. f. d. gcs. exp. 

Med., 5, 264, 1917. (19.) Sherf, D.: Wien. Arch. f. inn. Med., 14, 443, 1927. (20.) 

Sigler, L, H.: Am. J. Med. Sci., 185, 211, 1933. (21.) Stenstrom, N.: Acta med. 

Scandin., 67, 353, 1927. (22.) Wearn, J. T.: J. Exp. Med., 47, 273, 1928. (23.) 

Wilson, F. N.: Arch. Int. Med., 16, 100S, 1915. (24.) Yater, W., Cornell, V. H., 

and Clayton, T.: Ibid., 57, 132, 1936. 


SUBACUTE BACTERIAL ENDOCARDITIS ON THE RIGHT 
VENTRICULAR WALL OPPOSITE A VENTRICULAR 
SEPTUM DEFECT. 

By Louis A. Eigen, M.D., 

CLINICAL ASSISTANT, PEDIATRICS DEPARTMENT, ORANGE MEMORIAL AND EAST ORANGE 
GENERAL HOSPITALS, AND OT CHILDREN’S CARDIAC DEPARTMENT, 

BETH ISRAEL HOSPITAL, NEW YORK CITY, 

AND 

Arthur R. Abel, M.D., 

ASSISTANT ATTENDING PHYSICIAN AND PATHOEOGIST, ORANGE MEMORIAE HOSPITAE, 
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(From the Departments of Pediatrics and Pathology, Orange Memorial Hospital.) 

Discussing defects of the interventricular septum (maladie de 
Roger), Maude Abbott says: “ . . . The clinical picture is thus that 
of absence of symptoms in the presence of distinctive physical signs 
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in an otherwise normal individual, and the significance of this lesion 
lies not in the functional effect of the defect, but in the great fre- 
quency with which a subacute bacterial endocarditis develops along 
its margins or on the opposite wall of the right ventricle. . . 

A rather exhaustive review of the literature revealed an amazing 
sparsity of cases similar to the one which we are now reporting. We 
were able to find but 4 such cases, all in older patients than ours. 
This is also the only case in which the valve leaflets and the chorda: 



were not as yet involved by the endocarditis. 1 " - 1 In a personal 
communication Maude Abbott 16 wrote “ . . . this is a clear cut 
example of an infective endocarditis of the wall of the right ventricle 
opposite a localized defect of the interventricular septum without 
vegetations elsewhere. It supplies proof of the direction of the 
current from the left to the right through the defect.” 


0 


Report of Case, 
children— all of 


J. p„ 7-vear-old white Italian male child, the fifth i>f 
whom are living and j>erfectly well. There i- no la-ton 
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of the occurrence of any congenital defect nor of any cardiac lesions in the 
family as far back as the grandparents. Physical examinations of the 
parents and siblings were not made. The patient developed normally up to 
the time of the present illness. He was in the third grade of the public 
school. His tonsils and adenoids were removed at 6 years due to frequent 



B 


Fig. 1 . — A, The opened light ventiicle showing the intei ventricular defect as well 
as the localized jiatch of endocarditis on the opposite wall (tound area just beyond 
end of rod). Petechial hemorrhages in the myocardium are aFo leadily seen. B, More 
detailed view of defect. 

attacks of tonsillitis. His congenital heart-lesion was first noted at 4 
months. However, he was entirely symptom-free up to the onset of his 
present illness. 

His illness began on June 17, 1939, and was characterized by malaise, 
anorexia and slight fever (up to 101.4° F.) followed by drowsiness. On 
June 20th physical examination revealed an apathetic, listless and obviously 
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sick child. The temperature was 100.2°, his pulse was 140 and of fair 
quality. His respirations were regular, not labored and about 30 per 
minute. There was no cyanosis. Both turbinates were boggy and red 
and the nares were filled with a somewhat gelatinous mucoid secretion. 
The throat was only slightly reddened. The teeth were markedly carious. 
The anterior and posterior cervical lymph nodes were palpably enlarged. 
His chest had a normal contour, and his lungs were resonant throughout. 
The heart was enlarged to the left and presented a systolic thrill, felt over 
the entire precordium, and most marked at the base. A loud continuous to 
and fro murmur, heard over the entire precordium, was most distinct at the 
apex, and could also be heard in the neck vessels as well as in the left pos- 
terior chest. _ The spleen was markedly enlarged, extending almost to the 
level of the iliac crest. The liver was also enlarged, extending to about 2 
fingers below the costal margin. No other masses or viscera could be felt. 
There was no edema of the extremities. Urinalysis was entirely negative. 
That night his temperature rose to 104.4°. He became somewhat delirious. 
The following afternoon several scattered areas of ecchymosis were found 
oyer the thighs and lower abdomen (these were between 2 and 3 inches in 
diameter). No peteehim could be found. A tentative diagnosis of subacute 
bacterial endocarditis was made. He was admitted to this hospital on 
June 23. His temperature continued septic (105.6° to 100.2° F.). On 
June 25, he became somewhat jaundiced. On June 27 the blood culture 
was positive for streptococcus (alpha). He continued downhill, despite 3 
small (160 cc.) transfusions and sulfanilamide treatment. Roentgen rays 
on June 24, and again on June 26, showed no pulmonary lesions. Repeated 
urinalyses failed to reveal red blood cells until on July 9 an occasional red 
cell was noted. There was a slight trace of albumin and occasional white 
blood cell. Blood counts showed Hgb. from 65% to 50%; red blood cells 
from 3,270,000 to 2,420,000. White blood cells varied from IS, 350 (June 24) 
to 3,100 (July 1); neutrophils from 80% (June 24) to 95% (July 3). Blood 
culture was positive on several occasions for alpha streptococcus. The 
various agglutination tests (typhoid, para-A, and B, B. abortus, B. melilrnsis ) 
were all negative. The blood Wassermann test was negative. Blood smear 
(July 3) showed no abnormal leukocytes, but a marked shift to the left. 
Red cells show a moderate variation in size and shape; no nucleated reds. 
Electrocardiogram: moderate left axis deviation, the QRS complex of the 
“3M” shape variety, with some thickening and slurring of all the limbs 
(indicating intraventricular conduction defect). Fluoroscope and Roentgen 
ray films of the heart showed it to be moderately enlarged, and of the 
“wooden shoe” shaped type. Petechia: were first noted on July 4; 2 were 
under the conjunctiva of the left eye. July 5, several additional petechia* 
appeared over the bodv. He continued rapidly down hill and died July 9, 
1939 . ' , 

Autopsy (12 hours postmortem): The arteries showed no atheromn or 
arteritis. There was no dilatation or hyperplasia of either the pulmonary 
artery or the aorta. The pulmonary artery was 3 cm. in circumference; 
the aorta 41 cm. There was no evidence of collateral circulation. > The 
coronary arteries and veins were normal. The heart was normal in its 
position. It was moderately hypertrophied in both the right and left side-. 

It weighed 120 gm. The right auricle measured 3 by 5 cm. and its wall wa- 
1 mm. in thickness; right ventricle was 5 by G cm. and its wall was 2 mm. 
in thickness; left auricle 3 by 41 cm. and its wall was slightly more than 
1 nun. in thickness; left ventricle 5 by 51 cm. and its wall was S turn, thick. 
The valve rings were moderately enlarged. The mitral valve tnea.-ureo 
5.6 cin. and the tricuspid valve 7.S cm. in circumference. There were w> 
anomalies or vegetations of anv of the valve leaflets. The myocardium 
showed numerous petechial hemorrhages. The interventricular septum mm 
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a smooth punched-out defect in its membranous portion 1 cm. in diameter. 
This was surrounded by a thick fibrous ring. On the wall of the right 
ventricle opposite this defect there was a fan-shaped area of endocarditis, 
3 cm. by 2 cm. in diameter. This area was covered with about 100 small 
warty vegetations which were slightly friable but seemed to contain con- 
siderable fibrous tissue. Sections from these vegetations showed them to 
be composed of an amorphous mass of fibrin and blood platelets. In the 
deeper portions of the vegetations there was beginning organization with 
fibroblasts, newly-formed blood-vessels and an infiltration of inflammatory 
cells, mostly neutrophils. Only 1 group of streptococci could be found in 
these vegetations. There was a complete erosion of the endocardium in 
these areas. 

Comment. The endocardium against which an abnormal flow of 
blood was directed was evidently damaged. This damage favored 
the implantation of bacteria from the blood stream resulting in the 
production of a localized endocarditis. The portal of entry of the 
blood stream infection may very likely have been the carious teeth. 

Summary. A report is submitted of a case of Roger’s disease with 
subacute bacterial endocarditis. This was localized to an area in the 
right ventricle opposite the interventricular defect and was appar- 
ently caused by the force of the bloodflow, resulting from arterio- 
venous shunt. This case appears to be unique in medical literature. 
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(1.) Abbott, M. E.: (a) Atlas of Congenital Cardiac Disease, New York, The 
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One of the conspicuous effects of nicotinic acidf is flushing of the 
skin. Abramson, Katzenstein, and Senior 1 have demonstrated by 
means of plethysmographic and skin temperature studies that an 

* Aided by grants from the Commonwealth of Massachusetts and the Rockefeller 
Foundation. 

t Monocthanolaminc Nicotinate (Abbott). 
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increase in bloodflow through the arm, and to a lesser extent through 
the leg, results from the oral and intravenous administration of 
nicotinic acid. That an associated dilatation of the cerebral vessels 
might also occur has led to the hope that the drug might have a 
usefulness in certain diseases of the brain by increasing the blood 
supply to the areas involved. Direct evidence that cerebral vaso- 
dilatation follows the administration of nicotinic acid has been 
offered by Moore, 3 who observed an increase in the diameter of the 
pial vessels in cats. In a few instances in which lumbar puncture 
was done, this author also noted a rise in spinal fluid pressure during 
the appearance of the vasodilatation of the skin. Moore reported 
improvement of subjective and objective symptoms in 5 cases of 
multiple sclerosis which he treated with nicotinic acid. He con- 
cluded that the favorable results seen following such treatment might 
be in part due to the effect of the increased bloodflow in the brain. 

The present study was carried out to compare by indirect evidence 
the relative vascular effects of nicotinic acid on the brain and the 
arm. Several passive and cooperative dementia pnecox patients 
were utilized for this study. The nicotinic acid was injected in doses 
varying from 12.5 to 150 mg. into the basilic vein, the carotid artery, 
or the brachial artery. 

Peripheral Vascular Effects. Flushing of the skin beginning in the 
face and spreading to the neck, chest, abdomen, arms and back 
occurs within 1 to 2 minutes, reaching its height within several 
minutes following the intravenous injection of nicotinic acid in doses 
from 25 to 150 mg. With the larger doses the flushing is very 
marked. Rarely is it discernible to any degree below the abdomen. 
When flushing of the face is marked, injection of the conjunctival 
vessels is sometimes present. Stroking of the flushed skin of the 
chest or back with the finger-nail produces a red line followed im- 
mediately by a white line which lasts for several minutes. Flushing 
of the skin following intravenous administration of the larger doses 
disappears within about \ hour. The blood pressure shows either 
an insignificant or a slight rise (up to 10 mm. systolic). In one 
instance following the intrabrachial injection of 100 mg., the blood 
pressure rose from 140/100 to 180/110, returning to its original 
level within 7 minutes. The change in pulse rate was cither insig- 
nificant or slight, in no instance increasing beyond 12 beats per 
minute. 

When the nicotinic acid is injected into the brachial artery m 
doses varying from 12.5 to 100 mg., flushing of the injected arm 
occurs within 1 or 2 minutes and is followed quickly, with the larger 
closes, by flushing of the face and other parts. The skin of the 
injected arm shows more flushing and is wanner to the touch than 
that of the opposite arm. With the smaller clones, the flushing may 
he confined practically entirely to the injected arm. When the drug 
is injected in clones of from 25 to 150 mg. into the carotid artery. 
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marked flushing of the face occurs almost immediately, and is soon 
followed by flushing of the parts usually involved following intra- 
venous administration. 

Intracranial Vascular Effects. 1. Effect 071 the Retinal Vessels. In 
no instance following either the smaller or larger dose of nicotinic 
acid was vasodilatation or vasoconstriction of the retinal vessels 
observed by ophthalmologic examination. 

2. Cerebrospinal Fluid Pressure. This was measured in 8 cases, in 
6 cases following intravenous injection of 100 mg., and in the other 2 
following intravenous injection of 150 mg. There was no significant 
change in the cerebrospinal fluid pressure either during or for some 
time after the height of the flushing of the face, which was very 
marked in all cases. In one instance, in order to discover whether 
the cerebral vessels respond differently when narcosis is first induced, 
1 subject was given 0.75 gm. of sodium amytal by vein. During the 
resulting deep narcosis, 150 mg. of nicotinic acid was administered 
by vein. Very marked flushing of the skin occurred. The cerebro- 
spinal fluid pressure, measured for 30 minutes, showed a rise of only 
20 mm. of water. 

3. Art erio- jugular and Arterio-basilic Differences in Oxygen Con- 
tent. These were compared following intravenous administration 
of 100 to 150 mg. of nicotinic acid in 4 eases, and in 5 cases following 
intracarotid administration of 50 to 150 mg. In 5 other cases the 
oxygen “uptake” of the arm alone was measured following intra- 
brachial administration of 25 mg. of the drug. 

Residts. (a) Following intravenous administration of the drug, 
there was a significant diminished arterio-jugular difference in oxy- 
gen content in 1 subject. By contrast, a moderate to marked dimin- 
ished arterio-basilic difference in oxygen content occurred in 3 of 
the 4 subjects (Table 1). 

Table 1. — Arterio-jugular (A-J) and Arterio-basilic (A-B) Differences in 
Oxygen Content (Vol. %) Following Intravenous Administration 
of Monoethanolamine Nicotinate. 


Before injection. Height of reaction. 

Experiment Do=e . * . , * 

No. (mg.). A-J. A-B. A— .1. A— B. 

1 100 S.O 7.4 7.2 2 5 

2 100 7.3 7.2 10.5 S 7 

3 150 5.3 7 3 4.3 2.3 

4 150 9.2 5.3 6.0 2.9 


(b) Following intracarotid administration of the drug, no sig- 
nificant change in arterio-jugular difference in oxygen content re- 
sulted. In 3 of the 5 instances, however, a moderate to marked 
diminution in oxygen “uptake” by the arm occurred (Table 2). 

(c) Following intrabrachial administration of the drug with doses 
much smaller than those injected into the carotid artery, a very 
marked diminution in arterio-basilic difference in oxygen content 
occurred in all 5 subjects (Table 3). Samples of arterial and basilic 
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blood taken simultaneously from the uninjected arm of 2 of the sub- 
jects showed no change in oxygen “uptake.” 


T\bie 2 —Arterio-jdgclak (-Y-J) and Abterio-basilic (4-B) Differences in 
Oxygen Content (Vol %) Following Intracarotid Administration 
of Mon oethan ol amine Kicotinate. 


Experiment 

Do«e 

Before injection* 

Height of reaction 

No 

(mg). 

A-J 

A-B. 

w. 

4-B 

5 

. 50 

6 1 

S 5 

5 5 

6 S 

G 

150 

3 5 

4 5 

4 S 

6 2 

7 

50 

5 5 

4 1 

5 5 

2 7 

S 

50 

4 9 

4 6 

4 0 

1 9 

14 . 

. 50 

4 4 

4 0 

4 0 

2 9 

Table 3 — Arterio-b asilic Difference* (A-B) 

IN Oxi GEN 

Content (Vol Sc) 


in Injected and Uninfected Arm Folloaying Intrabrachial 
Administration of Monoethanolamine Xicotinate 


Injected arm Uninjected arm 


Experiment 

Do's 

Before 

Height of 

Before 

Height of 

So 

(mg ). 

injection. 

reaction 

injection 

reaction 

9 

25 

8 2 

1 0 

S 4 

S 4 

10 

25 

7 5 

1 5 



11 

25 

5 4 

1 9 

S 4 

10 1 

12 

25 

6 6 

2 6 



13 

50 

S 9 

1 7 




Effect of Nicotinic Acid on Artificially Produced Raynaud’s Syndrome. 
In pre\ious experiments, Myerson, Loman, Rinkel and Lesses 4 
demonstrated that a Raynaud attack can be simulated following 
intrabrachial administration of epinephrine in very small concentra- 
tions (0.001 to 0.0001 mg.). With doses of 0.01 mg. of this drug a 
very severe attack is produced. The pallor of the arm and hand 
following the latter dose lasts about 15 minutes before it begins to 
w ear off. 

In 2 subjects such an attack was produced by injecting 0.01 mg. 
of epinephrine into the brachial artery. At the height of the reaction, 
which began about 2 minutes later, 2-5 and 50 mg. of nicotinic acid, 
respectively, was administered into the artery. Within ?, to 1 
minute the pallor began to he superseded by flushing occurring, first, 
in the forearm, then in the palm, and finally in the fingers. ]\ ithin 
10 minutes in the first case and within 15 minutes in the second, ail 
the pallor had been replaced by flushing. In 2 other subjects nico- 
tinic acid in doses of 25 and 50 mg. was gib cn before the epinephrine 
(0.01 mg.}, both drugs being given by intrabrachial route. Only 
slight pallor was produced in each subject, lasting about 5 minute*. 

Contrast Between Nicotinic Acid and Some Parasympathomimetic 
Drugs. In previous work My er-on, Rinkel, Loman and My er-nu' 
demonstrated that prostigmin has a powerful *y ncrgbtic action with 
acetylcholine, particularly with acetyl-beta-inetln Jcholine f blonde, 
and that atropine completely block* the action of the a bin e two 
choline*. Nicotinic acid, how e\ er, i> not nergbtic w ith pro-tigmin, 
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nor is it antagonized by atropine, at least in respect to vasodilatation. 
On the other hand, acetylcholine and aeetyl-beta-methylcholine 
chloride are less effective in overcoming the Raynaud-like attack 
produced by epinephrine than is nicotinic acid. 5 

Discussion. That nicotinic acid is a relatively ineffective cerebral 
vasodilator appears to be indicated by the following: 1, it fails to 
influence the cerebrospinal fluid pressure; 2, it does not dilate the 
retinal vessels (comparable to the pial vessels) ; and 3, probably most 
significant, it changes only slightly the arterio-jugular difference in 
oxygen content. 

The. fact that the cerebrospinal fluid pressure does not change 
indicates either that the pial vessels do not alter in diameter, or 
that the cerebral venous pressure does not increase. It is possible, 
however, for the bloodflow in the intracerebral arterioles and capil- 
laries to increase without pial vasodilatation or an increase in venous 
pressure, so that the spinal fluid pressure does not change. But 
under such conditions one should expect a diminished arterio- 
jugular difference in oxygen content. The fact that this occurs only 
occasionally, or in much less degree than that observed in the arm, 
strongly suggests the relative ineffectiveness of nicotinic acid as a 
cerebral vasodilator. This contrast of vascular effect in the brain 
and arm is particularly evident when the drug is administered by 
brachial and carotid routes. 

Other drugs, such as histamine and acetylcholine, have been ob- 
served to produce dilatation of the pial vessels with a coincident rise 
in spinal fluid pressure. In our experience no significant or regular 
change in arterio-jugular difference in oxygen content occurs at the 
height of the reaction produced by these and other vasodilator 
drugs. 2 Thus, feeble dilatation of the intracerebral vessels may be 
associated with a relatively strong dilatation of the pial vessels. 

The theory, that when the face flushes the brain flushes, is not 
borne out by these studies. It is more accurate to state that both 
areas probably do not flush to the same degree or that flushing of the 
face is not necessarily associated with flushing of the brain. The 
obvious resistance of the cerebral vessels to changes in bloodflow 
following the administration of nicotinic acid and other common 
vasodilator drugs suggests the probability that attempts to affect 
impaired cerebral neurons by such means will fail. Whether the 
physiologic demands of neurons damaged by disease processes can 
be supplied by increasing the cerebral bloodflow is in itself very 
questionable. 

On the other hand, because of its marked peripheral vasodilating 
action, nicotinic acid may have a possible clinical usefulness in 
peripheral vascular conditions in which an increased bloodflow is 
desired. Such an application of the drug is suggested by the ob- 
servation that a Raynaud attack, artificially produced, is shortened 
or overcome by the drug. 
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without circulatory failure, in order to determine if any abnormalities 
of sympathetic vasomotor function were present. 

Methods. The skin-temperature of the pads of the digits was measured 
by thermal junctions lightly applied with adhesive tape. Body temperature 
was measured by a thermal junction inserted 5 cm. above the rectal sphinc- 
ter. Room temperature was measured by a thermal junction suspended 
in the air of the room. The galvanometer allowed the detection of changes 
of 0.1° C. 

The room was draught free, and was maintained at as constant a tem- 
perature as possible. Plethysmographic measurements of volume and pulse- 
wave changes in the fingers and toes were recorded optically by the method 
of Bolton, el al. 1 The subject lay lightly covered for 20 to 40 minutes while 
control observations were made. The body was then warmed with heating 
pads and blankets, and by immersing one arm to the elbow in water at 45° C. 
Temperature and plethysmographic measurements were repeated at fre- 
quent intervals. When full reflex vasodilatation had been obtained, stimuli 
were applied which are known to induce, through the mediation of the 
sympathetic neryous system, 4 brief vasoconstriction in the digits. These 
stimuli were the following: (a) application of ice to the skin; ( b ) pricking 
with a pin a sensitive skin area; (c) startling the subject by making a sudden 
loud noise; directing the subject ( d ) to take a deep breath, or (e) to solve 
an arithmetical problem. The body was then cooled by removing the 
blankets and heating pads, and transferring the arm to cool water (20° C.). 
Again temperature and plethysmographic measurements were taken at 
frequent intervals. 

The patients (Table 1) were selected from the medical wards where their 
diet and vitamin intake were carefully regulated. _ Eight patients had 
“alcoholic” peripheral neuritis; one, peripheral neuritis of pregnancy; and 
one, peripheral neuritis following disulfanilamide poisoning. Thirty-five 
tests were carried out on these patients, some of whom were repeatedly 
tested over- periods as long as 4 months. At the conclusion of each test a 
neurological examination was made. 

Results. Half of the patients with peripheral neuritis involving 
the legs also had a disturbance of the sympathetic vasomotor 
activity in the feet (Table 1). With one exception these were all 
untreated patients who had tenderness, definite sensory defects, 
and areflexia in the legs. The circulatory abnormality consisted 
of decreased vasomotor tonus in the feet. The toes were constantly 
warmer than the fingers even with the body exposed in the cool 
room. After warming the body, the temperature of the toes rose 
slightly or remained unchanged, while the temperature of the fingers 
rose to or above that of the toes (Chart 1). At this time the ple- 
thysmographically recorded vasoconstrictions in response to brief 
vasoconstrictor stimuli were slight in the toes as compared with the 
fingers (Fig. 1). On cooling the body the temperature of the toes 
decreased slightly, while that of the fingers fell more rapidly and 
reached a lower level (Chart 1). 

Both the digital temperature and the plethysmographically 
recorded volume changes indicated a decreased vasomotor tonus in 
the feet. In healthy persons we have always found a greater vaso- 
motor tonus in the feet than in the hands. This confirms the 
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observations of others. 3 ’ 5 However, we have frequently found a de- 
creased vasomotor tonus in the feet of patients subjected to lumbar 



Chart 1 . — Rectal temperature, the skin temperature of the right great toe (R TO 
and of the right forefinger (R F = ), and the room temperature, during a test of the 
effects of body warming and body cooling on a patient with "alcoholic” peripheral 
neuritis. 


sympathectomy. Indeed, in our patients with peripheral neuritis 
the measurements of digital temperature and volume changes 
strongly resembled those found in persons in whom only a partial 



I'm. 1. — Plethysmographic records of vasoconstrictor responses in the right third 
finger (R Fa) and right great toe (R Ti) of a normal subject, a patient with "alco- 
holic” peripheral neuritis, and a patient subjected to bilateral lumbar sympathec- 
tomy. The arrow indicates the direction of decrease in volume of the digit. The 
top tracing shows respiration (Resp.) with the down stroke for inspiration. At the 
signal (below the seconds marks), ice was applied to the skin of the face. 


sympathectomy of the feet had been secured by resection of the first 
and second lumbar sympathetic ganglia (Fig. 1). 
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One interesting phenomenon encountered in the involved toes 
was a delay in the vasoconstrictor response which appeared 7 to 10 
seconds after the stimulus, instead of the normal 3 to o seconds 
(hig. 1). This v as found in 3 patients. We have never seen a 
response as much delayed in normal subjects, or in patients suffering 
from other diseases. 

Three patients were placed on vitamin free (pellagra-producing) 
diets as soon as they were admitted to the hospital. On this regimen 
the polyneuritis failed to improve, and the vasomotor paresis be- 
came more complete. When thiamin chloride, 50 mg. daily, was 
administered parenterally, there was an improvement of the vaso- 
motor disorder within 2 weeks, though there was not a return to 
normal. After this initial improvement, progress was slow and was 
not apparently accelerated by a diet rich in all vitamins. 

The vasomotor disturbance seemed to improve more rapidly than 
the sensory-motor abnormalities with the exception of muscular 
tenderness. For example, 1 patient (I. F.) was retested after 2 
months of high vitamin therapy at home. At this time the vaso- 
motor responses had returned to normal. The sensory-motor signs, 
however, were unchanged. The fact that the vasomotor disorder 
seemed to improve faster after treatment than the sensory-motor 
disturbance may explain why the former was often not found in pa- 
tients who had been treated for prolonged periods but still had 
sensory-motor signs. 

One patient (F. jYL), seen for the first time after prolonged dietary 
therapy, still had almost complete loss of sensation in the feet and 
lower legs. She had no vasomotor hypotonus in the feet. On the 
contrary, the feet and lower legs were blue and cold. On warming 
the body, the temperature of the toes rose promptly, and the ple- 
thysmographically recorded vasoconstrictor responses were normal 
except for a delay of the type mentioned above. The patient suf- 
fered from “trophic” ulcers on both third toes. For this reason, 
and against our advice, she was subjected to a unilateral lumbar 
sympathectomy. After the operation the sympathectomizcd foot 
became warm and pink, showing that the sympathetic nervous 
system had formerly been active. The ulcer, however, showed no 
greater tendency to heal on this side than on the opposite, cool, 
unsvmpatheetomized side. This case demonstrates the fact that 
there was no correlation between the severity of the sensory loss and 
the vasomotor hypotonus. 

That there was no correlation between the degree of motor weak- 
ness and the vasomotor disturbance is illustrated by the findings in 
the patient with polyneuritis of pregnancy. .She had a most severe 
motor paralysis of the lower legs with only slight sensory defects. 
There was no more than a minimal vasomotor disturbance. 

Two of the patients had “trophic" ulcers on the toes. Tlrn-e 
ulcers were observed in a patient with vasomotor hypotonus and 
warm feet, and in the patient, cited above, with cold feet. Both 
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patients had severe sensory loss. This suggests that the ulcerations 
were due to the sensory defect and not to the vasomotor disorder. 

Discussion. The finding of a vasomotor disturbance in the feet of 
patients suffering from peripheral neuritis of the legs, associated 
with vitamin deficiency, was too frequent to be coincidental. The 
combination suggested that the vasomotor and sensory-motor ab- 
normalities might have a common pathogenesis. Since the vaso- 
motor disturbances resembled those found in partially sympa- 
thectomized limbs, the likely explanation is that these vasomotor 
disturbances are due to involvement of the sympathetic nerves, 
just as the sensory-motor signs are due to involvement of the sen- 
sory-motor nerves. 

It would appear that part of the vasomotor disturbance in these 
patients was not due to an anatomic defect, since it subsided within 
2 weeks of instituting therapy. However, the residual abnormality 
was either structural or, if functional, only slowly reversible, since a 
complete return to normal occurred either very slowly or not at all. 
The evidence indicates that .during therapy the recovery was more 
rapid in the vasomotor than in the sensory-motor system. 

One interesting vasomotor abnormality peculiar, so far as we 
know, to these cases was the much delayed vasoconstriction in the 
involved toes in response to appropriate stimulation. The reason 
for this delay is not apparent. We have not observed it in patients 
after partial or complete sympathectomy. 

Summary. Disturbance of the vasomotor reactions in the feet 
was frequently found in untreated patients who had peripheral 
neuritis of the legs. The disturbance was characterized by a de- 
crease in the vasomotor tonus of the feet, resembling that found 
after incomplete sympathectomy. A delayed response to vaso- 
constrictor stimuli was also found in the toes of some of the patients. 

There was no rigid relationship between the degree of vasomotor 
disturbance and the loss of sensation or muscular power. In general, 
the'more severe cases of peripheral neuritis were the ones with vaso- 
motor abnormalities. 

Definite improvement in the vasomotor disturbance occurred 
within 2 weeks of instituting appropriate treatment. However, a 
complete return to normal vasomotor function required a longer 
period of therapy. 

This investigation was conducted with the technical assistance of Miss Sara B. 
Merritt, B.S. The authors are indebted to Dr. Alan Bernstein for granting permis- 
sion to include in this paper observations on one of his patients. 
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BLOOD AND URINE CHLORIDES IN 22 CASES WITH DIABETES 

INSIPIDUS. 

By Harry Blotner, M.D., 

ASSOCIATE IN MEDICINE, PETER BENT BRIGHAM HOSPITAL, BOSTON, MISS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital.) 

Patients with diabetes insipidus drink large quantities of water 
and pass a great deal of urine, often amounting to 10 or more liters 
per day. If the polyuria of diabetes insipidus is regarded as a 
diuresis, and I believe that it may be, one would expect to find an 
increased excretion of sodium chloride in the urine and a decreased 
serum chloride level, for the reason that diuretics cause an increased 
excretion of salt along with the increased volume of urine. There 
are differences of opinion with regard to the serum chloride level 
and the chloride excretion in the urine in diabetes insipidus. Some 
investigators have reported hyperchloremia and hypochloremia, 
hyperchloruria and hypochloruria. Different results, too, have 
been reported on the effect of pituitrin on the serum and urine 
chlorides in this disease. Since such variable impressions have been 
based largely on rare cases, a study was made of the chloride content 
of the serum and urine in a group of 22 patients over a period of 
5 years. In addition, it appeared of interest to determine whether 
pituitrin, an antidiuretic, would alter the chloride findings. This 
paper reports the results, which are consistent, of the total chlorides 
in the serum of 22 patients with diabetes insipidus and, in addition, 
the total sodium chloride excretion in 2 of these individuals. 

There has been considerable interest in chlorides in relation to 
diabetes insipidus for many years. As far back as 1872, Xeubauer 
and Vogel 11 found an increased chloride excretion in a patient with 
diabetes insipidus and on one day it reached the enormous amount 
of 29 gm. Oppenhcim 12 obtained a total of 20 to 80 gin. of sodium 
chloride in the daily urine of 4 cases. There was a marked salt 
hunger and when the salt intake was reduced, the sodium chloride 
excretion was less, although the volume of urine was unchanged. 
The salt had no diuretic effect. More recently, however, it has been 
shown by Fit'/,, 5 Rosenblooin and Price 15 and Curtis 1 that the output 
of sodium chloride in diabetes insipidus was normal; but increasing 
the salt in the diet increased the total volume of urine in order to 
get rid of the excess salt. Curtis’ also observed that under water 
restriction with salt feeding, the kidneys were able to concentrate 
both chlorides and solids. Swan 17 suggested as the result of his . 
experiments that the changes in water metabolism in diabetes 
insipidus arc secondary to changes in chloride metabolism while 
Peters 13 reported that small amounts of salt are swept out by the 
flow of water. On the other hand, because of the varying results 
that Veil-'” obtained with scrum and urine chlorides in 4 case', he 
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classified diabetes insipidus into the hyperchloremic-hypoehloruric 
and the hypochloremic-hyperchloruric types. 

Hyperchloremia in untreated diabetes insipidus has also been 
reported by Rabinowitch, 14 Curtis, 4 Butler and associates 3 and by 
Talbot and associates. 18 Some of these authors found that the 
blood chlorides decreased following pituitrin administration. That 
pituitrin stimulated and increased the total chloride excretion in 
the urine, while the diabetes insipidus was relieved has been ob- 
served by von den Velden, 19 Williams, 23 Rabinowitch 14 and by 
Butler, Harper and Carey. 3 

In contrast, there have been studies on this disease which indi- 
cated that the blood chloride concentration was normal or low and 
that the excretion of salt was not affected or was decreased by 
pituitrin administration. Blumgart, 2 Weir, 21 White and Findley, 22 
and Winter, Ingram and Gross 24 observed normal blood or serum 
chloride levels which were not appreciably altered by pituitrin 
therapy. In addition, White and Findley 22 and Smith and Maclvay 16 
noted that pituitrin did not affect the total urine chloride excretion 
while Weir 21 noted a distinct drop in it. Mainzer 9 found a very 
low serum chloride in 4 cases of untreated diabetes insipidus and in 
2 cases the serum chloride, determined again after pituitrin therapy, 
rose to normal. 

Procedure. The patients studied were ambulatory and consisted of 15 
males and 7 females who have had diabetes insipidus for a number of } r ears. 
Their ages ranged from 12 to 67 years of age, although most of them were 
below 25 years. Their salt intake appeared to be that of the usual person 
and they had no craving for it. The diets were the same during the various 
tests. Most of the patients had a daily urine output of about 10 liters with- 
out treatment and a normal urine volume with sufficient pituitrin therapy 
The urine examinations were normal. 

The serum chloride was determined on one or more occasions in 22 patients 
without the administration of pituitrin. During these tests the fluids were 
taken as desired and usually ranged from 8 to 14 liters. In 15 of these 
patients, the pituitrin was omitted for from 3 to 10 days before the tests were 
made, whereas in 7 cases no pituitrin was taken for 2 months to several 
years previously. The serum chloride was tested again in 11 cases after the 
patients had pituitrin therapy for a period of time and when they were well 
controlled with the drug. Fluids were taken as desired and the amounts 
were within the normal range. 

The total excretion of chlorides in the urine in 2 patients was determined 
daily for 36 and 18 days respectively in the hospital. They were on a con- 
stant house diet which contained about 200 gm. of carbohydrates, 90 gm. of 
fat and 90 gm. of protein. In the first case, the salt in the diet was calcu- 
lated daily and sodium chloride was added to make the total sodium chloride 
intake exactly 10 gm. daily, while in the second case the salt intake was 
approximate^ 10 gm. daily. The urinan - chloride is expressed as sodium 
chloride in the charts so that the excretion of salt may be compared more 
easily with its intake. The studies were made with and without pituitrin 
therapy and in addition, the serum chloride was determined daily or on 
alternate days. 
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Seram Chloride Results. The results of the serum chloride find- 
ings* (Tables 1 and 2) -were consistent and did not show the \aria- 
tions recorded by observers already mentioned. The chloride 
concentrations in all of the cases came within the normal range, 
regardless of whether the patient had omitted pituitrin for onh a 
feu days or u hether the patient had not been treated u ith pituitrin 
for several years and excreted gallons of urine daily during that 
period. However, in 2 cases the serum chloride may be considered 
slightly elevated, being 412 and 421 mg. per 100 cc. serum. The 
administration of pituitrin did not alter the results appreciably 
because the serum chloride concentrations were only a few milli- 
grams above or below those levels when no pituitrin u as taken. 
The diuretic effect of the diabetes insipidus and the antidiuretic of 
pituitrin did not affect the chlorides in these cases. The chloride 
determinations were repeated on several occasions in most of 
the cases, but since the results were much the same, onh single 
determinations are reported in the tables. The serum chloride de- 
termined daily or on alternate days w ill be discussed w ith the urinary 
chloride. 


Table 1 

— Serum Chloride i\ t 22 Patients With Diabetes 
Without Pituitrin Admimstrvtion 
No pituitrin Pituitrin 

Serum Serum 

chloride, chloride, 

Ismpidls With and 

No pituitrin 
Serum 
cldonde 

Cafe 

Mr per 

Mr per 

Ca'e 

Mr per 

No 

100 cc 

100 cc 

No 

100 cc 

1 

3SS 

394 

12 

325 

2 

349 

335 

13 

301 

3 

347 

3 GO 

14 

421 

4 

343 

3G0 

15 

349 

5 

349 

33 S 

1G . 

374 

G 

3G4 

3G4 

17 

347 

7 

112 

370 

IS 

357 

s 

340 

35S 

19 

344 

9 

3G4 

370 

20 

15S 

10 

329 

355 

21 

375 

11 

392 

395 

22 

. . 3GS 


T\ble 2 — PFmv CmoRiDF IN 7 P \tien*t> With Diaiieti« iN-iriDi " "no Hvri 
No PlTTITKIN FOIt \ LON(. TlME 


Ctsc 

chloride, 
me T>er 

Dull' fluid 
intake 

I*i rirx! without 

So 

100 cc 

liters 

I ituitnn 

4 

313 

10-14 

2 months 

S 

340 

S-ll 

Several vein* 

37 

317 

10 

Set eral v e tr“ 

IS 

357 

7-10 

Several JC in' 

10 

M4 

7-9 

Ivor 

20 

35S 

} — 

1 J'ur 

21 

375 

S-10 

(> month" 


Total Chloride in Urine. In the fir.-t o.t-e, the total excretion of 
chloridcf in the urine was determined daily for 2S da>» on one nd- 

* The rhlondo in tpni' of nHllierpm -ilent* per lite- mn> 1m ohenned hy d 
the me Cl r ; hj 3 .75. and the pm XnCl jx r htr r li\ 0 05K5 
I ?pe Footnote on p-cuo i a paee 
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mission to the hospital and the results are shown in Chart 1. This 
case took exactly 10 gm. of sodium chloride daily which included 
the amount in the food and the added salt. The observations were 
made for the first 13 days with pituitrin therapy and the average 
sodium chloride excretion was 9.7 gm. daily, the daily r range being 
6.7 to 12 gm. During the next 9 days no pituitrin was given and 
the daily average sodium chloride excretion was 9.1 gm. with a 
range of from 6.7 to 11.2 gm. During the last 6 days pituitrin was 



Chaiit 1 . — Daily NaCl excretion and urine output and serum chloride in a patient 
with diabetes insipidus with and without pituitrin therapy. Diet was constant and 
contained exactly 10 gm. salt daily, Pitressin 1 cc. was injected every 6 hours. 
Case 1. 

injected again and the average sodium chloride excretion was 8.3 gm. 
daily, with a range of from 6.S to 10.4 gm. The serum chloride 
level showed some slight daily variations whether or not pituitrin 
was given. 

This patient was readmitted to the hospital a month later to 
observe the elfcct of restricting the fluid intake on the blood and 
urine chloride. His sodium chloride intake was exactly 10 gm. daily. 
The chlorides were determined for S days. For the first 4 days 
pituitrin was administered and the patient took as much fluids as 


226 


blotner: blood and urine chlorides 


desired. On the fifth day, pituitrin was omitted and the fluid intake 
was limited to 3200 cc. and the urine volume was 6050 cc. As the 
result, he lost approximately 3 kilos in weight and developed such a 
terrific thirst that he was unable to restrict the fluid intake any 
longer. The temperature was unaffected. Subsequently, he was 
given for the next 3 days fluids as desired without pituitrin. The 
results of this experiment are illustrated in Chart 2. As can be seen 
here, the serum chloride concentration and the excretion of salt in 
the urine showed no significant variation during the 8 days of oh- 



Ciiaht 2. — Effect of restricting the fluid intake without pitrc«sin for 1 day on the 
XtiCl excretion and on the serum chloride in Case 2 with diabetes insipidus. Diet 
contained exactly 10 am. salt daily. Pitressin 1 cc. was injected every S hour". 


servation, regardless of the volume of urine. This was especially 
true on the day when the fluid intake was restricted which resulted 
in a considerable loss of weight. 

In the second case, the total excretion of chloride in the urine 
was determined for 1$ days when the diet contained approximately 
10 gm. of salt daily. The patient had omitted pituitrin and the 
urine volume was high for a week before admission to the hospital 
when the studies were commenced. Here the observations were 
made during the first 5 days without pituitrin therapy, during the 
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next 10 days with pituitrin injection and finally during the last 
3 days again without pituitrin. The daily urine volume was about 
13 liters without pituitrin and about 2 liters with pituitrin therapy. 
In this case, too, there was considerable variation in the daily excre- 
tion of salt during the various periods of observations. As the 
results are so much like those observed in the first case they are not 
presented in detail here. 

A third case of severe diabetes insipidus, observed in the hospital 
some years ago, was of unusual interest. His daily volume of urine 
usually ranged from 32,000 to 37,000 cc., although on 1 day the out- 
put rose to almost 40,000 cc. His total urinary chloride expressed 
as sodium chloride was found to be 12.1 gm. during one 24-hour 
period when the urine was 25,700 cc. This shows that salt is not 
swept out by the large flow of urine. 

Comment. The results of this investigation were interesting be- 
cause they were consistent and because no changes from the normal 
were found in the serum chloride concentration in this large group 
of patients even though large volumes of urine were voided over 
a long period of time which in some cases was several years. The 
chloride in the spinal fluid determined in 10 of these patients has 
already been reported 1 as normal. The daily chloride excretion in 
the urine, too, was normal, in spite of the fact that the urine volume 
in 1 case was as high as 25,760 cc. and that in another case the fluid 
intake was restricted to 3200 cc. for 1 day, where his usual intake is 
about 10 liters daily without treatment. Pituitrin administration 
did not appear to produce any significant chloride changes in the 
blood or urine of these patients. If anything, this drug decreased 
the salt excretion. These results are in contrast to those in which 
there were found in diabetes insipidus abnormal changes in the blood 
chloride concentration and a diminished salt excretion which was 
stimulated by pituitrin administration. Even in normal persons, 
Manchester 8 and Smith and MacKay 26 noted that posterior pituitary 
extracts produced a large increase in the sodium and chloride excre- 
tion in the urine. 

A number of investigators have shown that various diuretics 
increased markedly the chloride excretion in the urine. Among them 
are Fulton and associates 6 who found, in addition, in normal dogs 
that pituitrin inhibited the increased urine volume after novasural 
but did not prevent the increased chloride excretion. That certain 
diuretics increase the salt excretion in diabetes insipidus also has 
been shown. Meyer 10 found in this disease that thcocin did not 
affect the total amount of fluid excreted, but it increased the con- 
centration of sodium chloride in the urine so that during the 24 
hours after its administration, the excretion of salt was increased. 
When theocin was omitted, the chloride output diminished until the 
normal balance was regained. Fit/. 5 gave theocin and theobromin 
sodium salicylate which alone had no diuretic action in his case, nor 
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did they increase the total output of sodium chloride. However, 
v hen theocin and additional salt were given together, a larger output 
of chloride was obtained than when no theocin was included. Linde- 
boony however, obtained in diabetes insipidus a diuretic effect with 
salyrgan and an unusually high concentration of salt in the urine 
for this disease, although the blood chloride concentration showed no 
significant changes. From my experiments, it appears that the 
diuretic effect of the diabetes insipidus and the antidiuretic effect 
of pituitrin do not alter the total serum and urine chlorides in these 
patients. 

These cases show that patients with diabetes insipidus maintain a 
normal chloride balance when they take an ordinary amount of salt 
in their diet, notwithstanding the exchange of huge volumes of fluid 
or the administration of pituitrin. The diuretic effect of diabetes 
insipidus and the antidiuretic effect of pituitrin did not alter the 
chloride balance in this disease. 

Summary. This paper presents a study of the serum chloride 
concentrations in 22 patients with diabetes insipidus and the total 
excretion of chloride in the urine of 2 of them. 

The serum chloride concentration was found to he normal in these 
cases, even though some patients had not taken pituitrin for several 
years. Pituitrin administration did not affect significantly the 
serum chloride concentration. 

The total excretion of chloride in the urine showed some variation 
from day to day but the results came within the normal range, even 
though huge volumes of urine were excreted. Pituitrin therapy did 
not alter the results appreciably. A considerable restriction of the 
fluid intake in 1 patient for 1 day did not change the sermn chloride 
concentration or the salt excretion in the urine. 

Patients with diabetes insipidus taking a normal amount of salt 
maintain a normal serum and urine chloride balance in spite of the 
exchange of large volumes of fluid. The diuresis of diabetes in- 
sipidus does not affect the serum and urine chlorides like the diuretics 
in normal people and also the antidiuretic action of pituitrin does not 
have an opposite action on the chloride balance. 
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ADSORPTION OF SURFACE-ACTIVE SUBSTANCES OF URINES, 
WITH SPECIAL REFERENCE TO MALIGNANT NEOPLASIA. 

By Kurt Stern, M.D., 

POST-GRADUATE STUDENT OBSERVER, NEW YORK UNIVERSITY MEDICAL COLLEGE, 

NEW YORK, N. Y. 

Numerous investigations have dealt with the surface tension of 
the urine and with physiologic and pathologic changes in the excre- 
tion of surface active substances. No definite conclusion could be 
reached concerning the chemical nature of the substances responsible 
for the lowering of the urinary surface tension. It can, however, be 
assumed by reviewing the principal urinary constituents that these 
surface active substances are represented mainly in the following 
three categories: 1, bile acids and their salts; 2, fatty acids, their 
salts and esters; 3, products of protein decomposition, such as 
peptones, albumoses and oxy-proteic acids. While in one specific 
condition— icterus— it is known that the low surface tension of the 
urine is caused by increased excretion of bile acids and their salts, 4 
such a chemical identification of the surface active substances has 
not been possible in various other conditions where lowered surface 
tension of the urine was encountered. But it seems highly probable 
that the surface tension of the urine is the result of the excretion of 
different surface active substances which physiologically and 
pathologically are subject to changes concerning their quantity 
and their combination as well. 2,3 * 17 

In this paper the adsorbabilitv of the urinary surface active 
substances has been analyzed. The investigations were carried out 
with the idea that the qualitatively and quantitatively varying com- 
bination of surface active substances should find a more instructive 
expression in their adsorptive behavior than in the surface tension 
alone. ' From this- viewpoint a large number of urine specimens was 
investigated, both derived from normal persons and from persons 
suffering from various diseases. Among the pathologic cases special 
interest was turned to malignant tumors, as in this condition, not 
only an increased amount of surface active substances was found in 
the neoplasms themselves and in the blood serum of the patients, 
but also several reports indicated changes in the urinary surface 
tension. 

The basic principle of our study was to determine how much of 
the surface-active substances of a certain urine specimen could be 
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adsorbed by a constant quantity of an adsorbent. The adsorba- 
bility of the surface-active substances in various urines was tested by 
successive addition of urine to the adsorbent and by determination of 
the remaining surface tension — indicating the amount of surface- 
active substances not adsorbed by the employed adsorbent. In 
tentative experiments it was learned that the treatment of the 
adsorbent with 5-times 10 cc. of urine permitted a sufficient evalua- 
tion of the adsorbability of the urinary surface-active substances. 

Procedure. The stalagmometric method was used for the determination 
of the surface tension of the urine samples and Norit A in the amount of 
100 mg. was employed as adsorbent. The first morning specimens of urines 
were always used, not less than 3 hours and not later than 6 hours after their 
collection. In all urine samples tests were made for specific gravity, reac- 
tion, and presence of albumin. Specimens exhibiting a pH higher than 
8 — containing an excess of ammonia — and specimens containing albumin 
were discarded; likewise urines with a specific gravity lower than 1.010. 
All urines were filtered and those with a specific gravity higher than 1 .010 
diluted with distilled water to a specific gravity of 1.010. At least 50 cc. 
of the urine of 1.010 specific gravity were required for one experiment. To 
10 parts of the (diluted) urine 1 part of a buffer was added which consisted 
of equal parts of M/15 monobasic and M/15 dibasic sodium phosphate. 
In the urine specimen thus prepared stalagmometry was performed, estab- 
lishing the surface tension of the original sample (gamma 0 or 70). Then 
10 cc. of the urine were added to 100 mg. of Norit A in a centrifuging tube, 
the mixture was vigorous^ shaken for 1 minute, centrifuged for 10 minutes 
at 2,000 turns per minute, and the supernatant liquid passed through a small 
filter for removal of coal particles floating on the surface. Stalagmometry 
of this filtrate was done, giving the remaining surface tension (71) of the 
first 10 cc. of urine, after their adsorption to 100 mg. of A T orit A. The same 
100 mg. of the adsorbent were now loaded for the second time with 10 cc. of 
the urine. The mixture was again shaken, centrifuged, run through the 
same filter and subjected to stalagmometry, furnishing y 2 . This procedure 
was repeated 5 times in the same way. The stalagmometry of the fifth 
sample of 10 cc. of urine, after its adsorption to the original 100 mg. of 
Norit A, yielded a value of surface tension (7s) which indicated how much 
of the surface-active substances of this sample could not be adsorbed by the 
adsorbent after it was successively loaded with 50 cc. of the urine. It is 
obvious that the adsorbability of the surface-active substances contained in 
the respective urine sample is decisive for the outcome of the experiment. 
In the case of a high adsorbability the fifth sample would show only a small 
amount of surface activity, while a strongly surface-active one would indi- 
cate a poor adsorbability. By means of a calculation, given below, this 
relation was expressed by a ratio depending on the original surface tension of 
the urine (70) and the surface tension of the 5th sample (75). This ratio 
exhibited certain characteristic variations as may be seen from the tables. 

Technical Details. The first morning urine specimens were used because 
of the desire to avoid dilution of the urine by ingestion of water and -or 
nutritional influences of food. Furthermore, several authors' " found daily 
fluctuations in the surface tension of urine portions voided by the same 
person during 24 hours; the highest surface activity, lowest surface tension, 
rcspcctivelv, was found in the first morning urine, even independent of the 
intake of food or drink." Therefore the use of morning specimen-- should 
warrant more uniform and comparable conditions than 24-hour specimen-. 
Besides a 24-ltour specimen requires the cooperation of the patient, which 1- 
not always reliable, and the addition of a preservative. 
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Stalagmometry was performed not less than 3 hours after collection of the 
sample because changes occur during this time in the surface tension of the 
urine until an equilibrium is reached (time factor 0 ). The dilution of the 
urine to the same specific gravity of 1.010 was done for purposes of uni- 
. formity. A similar method was used by Schemensky. 13 Objections to this 
dilution were made by Perryman and Selous 11 and by Hahn, 0 who could not 
find any direct relationship between specific gravity and surface tension. 
But these objections are not justified when the stalagmometric method, 
partly depending on the specific gravity, is employed. 

By the addition of the buffer the pH of which was 5.8, the urine pH was 
brought to an average of 6.5 to 6.8, thus insuring the stability of the reaction. 
This is highly important because strongly acid and strongly alkaline reac- 
tion was found to increase the urinary surface activity, 4 ’ 13 and because of 
the influence of reaction on adsorption. A strongly alkaline reaction — 
exceeding pH of 8— usually caused by ammoniacal decomposition of the 
urine— necessitated discarding the sample. In these cases we noted that 
a high adsorbability of the surface-active substances always prevailed and 
this was confirmed also in experiments where investigation was first made 
in the original urine of a pH of 6.8, and then repeated, after alkalinization 
of the sample with ammonium hydroxide. Likewise albumin-containing 
specimens were discarded, as the presence of albumin was found to result in 
• a poor adsorbability of the surface-active substances (c/. model experiments). 

Concerning the choice of charcoal (Norit A) as adsorbent, it must be 
mentioned that several other substances tested— kaolin, aluminum hy- 
droxide, aluminum silicate, lead acetate and phosphate— did not exhibit 
any adsorbing capacity for the urinary surface-active substances. Norit A 
was. used because of its defined colloido-chemical structure and high ad- 
sorptive quality as compared with other charcoal preparations. The amount 
of 100 mg. of Norit A was used, since experiments showed this quantitj r 
could adsorb practically all the surface-active substances contained in 10 cc. 
of various urine samples. 

The stalagmometric method was employed in this study with full knowl- 
edge of the numerous objections raised against its accuracy, as far as the 
determination of the actual physical value of the surface tension is con- 
cerned, and in awareness of the sources of error inherent in this method when 
used in biological fluids, especially in fluids of a high protein content and 
viscosity, such as serum. 7 However, the method was considered efficient 
enough for this study as, on one side, only comparative values of the surface 
tension were desired and, on the other hand, the above mentioned pre- 
cautions were taken to warrant the uniformity of the investigated speci- 
mens. It might be mentioned here also that in a recent study on the surface 
tension of the urine in which, simultaneously, the method of capillary rise, 
stalagmometry and the method of maximum bubble pressure were used, 
all these methods were found to agree satisfactorily and stalagmometry 
to give “the most trustworthj' data.” 5 

The instrument used was the stalagmometer of Traube (Eimer & Amend, 
No. 28656), holding approximately 4 cc. The instruments were stand- 
ardized with distilled water. The daily variations of the room temperature 
were found to be without noticeable influence. The liquid was brought into 
the instrument by means of a rubber bulb attached to the top of the stal- 
agmometer. The velocity of the falling drops was constant in the de- 
terminations performed with liquids of the same specific gravity and of only 
slightly varying viscosity. The stalagmometer was cleaned prior to de- 
terminations, rinsed first with the specimen and frequently thoroughly 
cleaned with chromic acid. The foam and liquid adhering to the bottom 
opening were removed with clean filter paper before the determination, thus 
excluding an important source of error. 9 The drops were counted in the 
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usual way, the fractions of a drop found by means of the graduations below 
and above the zero points. Even,' determination was repeated at least 
twice and agreement within ±0.1 drop required. The calculation of the 
surface tension was made according to the equation: yjy* - D,/D- x N ; /N, 
in which 71 represents the unknown surface tension, 72 the approximate 
value of the surface tension of water, D ( the density of the unknown, D. 
the density of water, N, the number of drops with the unknown, N» the 
number of drops rvith water. 

The evaluation of the experiments was made in the following way: the 
calculated surface tension of the original (diluted and buffered) specimen 
was marked y 0 , the surface tension found in the 5th sample of 10 cc. of urine, 
after its adsorption to the Nor it A, as 75. The latter value indicated how 
much of the surface-active substances has not been adsorbed by the 
100 mg. Norit A at the end of the experiment. The mathematical relation 
w'as expressed by the following ratio (R) between the originally present 
and the not adsorbable surface-active substances: 

R = (73.0 (surface tension of water) minus 75! / (73.0 
minus 70) .100. 

Example: 70 - 61.9, 75 - 69.6. R == - 100 = 31X6. 

Roughly, the ratio of this example could be interpreted as indicating that 
the 5th treatment of 100 mg. Norit A with 10 cc. of the investigated urine 
resulted in the failure to adsorb approximately 30% of the originally 
present surface active substances of the urine specimen used. 


Table 1.— Normal Cases and Various Diseases Excepting Malicivanci, Acute 
Infection and Tuberculosis. 


Case 

Gammao Gammas 


Case 

Gammao 

Gammas 


No 

Diagnosis 

dyn/cra 

dyn /cm 

n * 

No 

DiaKno°is 

dsn /cm 

dyn /cm 

K* 

1 

Contusion of face 

50 8 

f>S 4 

34 b 

25 

Fract fibuh 

67 7 

70 5 

47 2 

2 

Fract femur 

61 3 

69 2 

32 5 

26 

Gastritis 

67 7 

71 7 

24 5 

3 

Fract femur 

G1 9 

69 6 

30 6 

27 

Tract pcUn 

67 7 

71 6 

26 4 

4 

Coronary rclcro'U'! 

61 0 

6S 1 

44 1 

2S 

Laceration of Ice 

67 7 

70 8 

41 5 

5 

HcraorThoidectom\ 

61 0 

65 2 

70 3 

20 

Fract femur 

67 7 

72 0 

1$ o 

B 

Contusion of uW 

61 9 

65 3 

G7 6 

30 

Normal 

67 9 

70 9 

41 1 

7 

Fract of humerus 

62 5 

6S R 

40 0 

31 

P appcndecfom> 

6S l 

71 6 

25 6 

8 

Fract lumbar ■vert 

62 0 

69 2 

37 6 

32 

Normal 

6 S 3 

71 3 

36 2 

!> 

Figure am 

63 5 

67 3 

GO 0 

33 

Fract tibia 

6S 4 

72 0 

21 7 

10 

Hemorrhoids 

63 0 

GS 1 

53 S 

34 

Icterus 

6S 6 

72 l 

20 5 

11 

Femoral hernia 

64 1 

CO 0 

44 9 

35 

Hernia 

GS 8 

72 0 

23 R 

12 

Fract tibia 

64 2 

OS 4 

52 3 

36 

Arthritis 

GS S 

72 9 

2 4 

n 

Prolapsus of rectum 

64 S 

70 S 

26 S 

37 

Frcr-t bite*; 

6S S 

72 9 

2 4 

14 

P. cholecvstectomj 

65 5 

70 S 

29 3 

3S 

Normal 

6R S 

72 4 

14 3 

15 

Lner cirrhous 

65 5 

69 7 

41 0 

30 

Normal 

69 0 

70 o 

52 5 

is 

Fract femur 

65 9 

71 6 

10 7 

}0 

3I> pertension 

69 2 

72 0 

26 9 

17 

Hemorrhoids 

66 2 

70 0 

44 1 

4! 

Fract femur 

69 6 

72 0 

20 4 

IS 

Burns 

66 2 

70 4 

3S 2 

42 

Fract femur 

60 6 

72 0 

29 4 

10 

Fract femur 

67 0 

70 R 

36 7 

43 

\ arix of erntn 

60 6 

72 4 

17 6 

20 

Fract nttf 

67 0 

70 S 

36 7 

44 

Fract fibula 

fO 6 

7 2 0 

29 4 

21 

fract. tibia 

67 0 

71 6 

23 4 

45 

Card ac condition 

70 0 

72 0 

33 3 

no 

Contusion of back 

67 n 

70 R 

36 7 

46 

Peptic ulcer 

70 l 

72 5 

17 2 

21 

2t 

Arthritis 

Fract oflup 

67 3 

67 3 

70 R 
72.0 

3S 6 
17 5 

47 

Piptie ulcer 

70 8 

72 o 

4 6 


* In this and folloiumt tables. R = ratio bctuepn the oricinalb pre-rut and I be 
not iid-orlnblc «ur face-net p, e suh-tanre-. 


In Tables 1 to 4 1 IS ea-e- are summarized, the urine- of which have been 
analyzed according to the dc-crihcd procedure. Table 1 contain- -17 <n c e-, 
21 of which concern urine-- either of normal per-on- or of patient- with iKine 
fracture- or cmitu-ion-, who al-o mav be regarded a- normal as to t.ieir 
metal*olie function-. The remaining 26 patient- were -uffrnng irom vanoti- 
ailments. The -urface ten-ion of the (diluted, buffered) untie- ranged from 
59 S to 70.S dvn cm, the average value being 66 6. In te-ting the ad-ori' »* 
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bility of the surface-active substances of these urines, R-values varied be- 
tween 2.4 to 70.3 (average, 32.9). Of these 46 cases 41 showed R-values 
lower than 50, and only 6 (approximately 13%) exhibited higher values. 


Table 2. — Cancer. 


Case 


Gammao 

Gammas 


Case Gammao 

Gammas 


No. 

Carcinoma of 

dyn./cm. 

dyn./cm. 

n. 

No. Carcinoma of dyn./cm. 

dyn./cm. 

R. 

I 

Cervix .... 

. 53.2 

57.9 

76.8 

28 Larynx .... 

65 5 

70 0 

G8 4 

2 

Lip .... 

. 56 8 

59 6 

82.7 

29 Breast 

65 5 

68 4 

64 0 

3 

Tongue . . 

. 58.3 

60.2 

87.1 

30 Cervix .... 

65.9 

67 7 

74 6 

4 

Cervix . . . 

. 58 8 

65 5 

52.8 

31 Breast 

65.9 

69 2 

53 5 

5 

Cervix . . . 

. 59.8 

62 5 

79 5 

32 Gall bladder . . . 

6G 2 

68 8 

61 8 

G 

Lymphogranuloma 

. GO. 1 

62.2 

83.7 

33 Larynx .... 

66.5 

69 0 

61 5 

7 

Larynx . . . 

. 61 0 

65 2 

65.0 

34 Cervix .... 

66.5 

68 6 

67 7 

8 

Cervix . . 

. 61.2 

63 5 

83.1 

35 Rodent ulcer of face 

66 5 

71 2 

27 7 

9 

Lip .... 

. 61 6 

65.9 

65.7 

36 Cervix .... 

66 5 

69 0 

61 5 

10 

Esophagus . . 

. 62 5 

65 9 

G5 7 

37 Breast 

66 8 

69 3 

59 7 

11 

Esophagus . . 

. 62 5 

64 5 

81 0 

38 Face 

67 0 

70 0 

50.0 

12 

Lung .... 

. 62 9 

66 2 

67.3 

39 Rectum .... 

67 0 

70 4 

43 3 

13 

Cervix 

. 63 2 

66 5 

66.3 

40 Rectum .... 

67 3 

69 6 

59 7 

14 

Cervix . . . 

. 63.2 

66-5 

66 3 

41 Larynx .... 

67 7 

70 4 

49.1 

15 

Esophagus . . 

. 63 5 

66.2 

71 6 

42 Esophagus . . . 

67 7 

69 7 

62 3 

16 

Esophagus . . 

. 63.5 

65 9 

74 7 

43 Floor of mouth . . 

67 7 

70 8 

41 5 

17 

Schmincke tumor 

. 63.9 

66.5 

71.4 

44 Breast . . . . 

68.1 

70.8 

44 9 

18 

Tongue . . . 

. 63 9 

67 3 

62 6 

45 Floor of mouth . . 

68 1 

72 0 

20 4 

19 

Cervix . . . 

. 63.9 

G7 7 

58.2 

46 Cervix .... 

68 4 

72 0 

2 2 

20 

Jaw .... 

. 63.9 

67 3 

62 6 

47 Breast 

68 6 

70 5 

56 8 

21 

Tongue . . . 

. 64 2 

67 7 

60 2 

48 Larynx . . . 

68 8 

70 8 

52 4 

22 

Cervix . . . 

. 64.5 

67 3 

67 1 

49 Chondrosarcoma of leg 

68 8 

69 2 

90 4 

23 

Tongue . . . 

. 64 5 

68 1 

57.6 

50 Rectum .... 

69 2 

70 4 

68 4 

24 

Cervix . . . 

. 64.8 

68 4 

56.1 

51 Tongue .... 

69.2 

72 4 

15 8 

25 

Stomach . . . 

. 64.8 

68 1 

59 8 

52 Cervix .... 

70 4 

72 0 

38.6 

26 

Rectum 

. 65 1 

68 G 

55.1 

53 Breast 

70 4 

72 4 

23 I 

27 

Sarcoma of maxilla 

. 65 2 

67 7 

GS 0 








Table 

3.— 

Infections. 




Case 


Gammao 

Gammao 


Case Gammao 

Gammas 


No. 

Diagnosis. 

dyn./cm. 

dyn./cm. 

R. 

No. Diagnosis. dyn./cm. 

dyn./cm. 

R. 

1 

Erysipelas . . 

. 59 0 

61 3 

83 6 

5 Pneumonia . . . 

65 5 

66 8 

82 7 

2 

Pneumonia . . 

. G4.2 

G7.7 

60 2 

6 Infect, of thumb . . 

66 5 

69.2 

58 5 

3 

Actinomycosis 

. 65 2 

68 8 

53 8 

7 Infect, of hand . 

67 7 

71 2 

34 0 

4 

Cellulitis of leg . 

. 65.2 

68.8 

53 8 

8 Empyema . . 

70.8 

72.9 

4 6 




Table 

4. Tuberculosis. 




Case 

Gammao 

Gammas 


Case Gammao 

Gammas 


No. 

Diagnosis. 

dyn./cm. 

dyn./cm. 

R. 

No. Diagnosis. dyn./cm. 

dyn./cm. 

R. 

1 

Cavernous TB 

. 53 7 

63.5 

49 2 

6 Acute pulmon. TB . 

66 1 

70.1 

44 6 

2 

Acute pulmon. TB 

. 62 6 

65 8 

G9 2 

7 Cavity in RUL 

66 5 

70 1 

44 6 

3. 

Bilateral cavities 

. 64 5 

GS 6 

51 8 

S Acute TB pneumonia 

66.5 

69 3 

56 9 

4 

Acute pulmon. TB 

64.8 

69 0 

48 8 

0 Cavities in RUL . , 

66 5 

70.1 

44 6 

5 

Fibroid cavernous TB G5 . 1 

GS 6 

55 7 

10 TB pneumonia . . 

GG.S 

69.7 

53.2 



Table 5. — 

Model Experiments. 





Solution, 




Gammon Gamma 

5 




%■ 




dvn/cm. dyn./cm. 

R. 



0.007 

Sodium oleate 


49 9 73.0 


0 0 



0.035 

Sodium oleate 


27.0 6S.4 


10.0 



0.015 

Sodium cholate 


64.5 71.3 


20.0 



0.02 

Sodium cholate 


C0.7 70.0 


24 4 



0.04 

Sodium cholate 

57.6 64.5 


55.2 



0.1 

Saponin 


66.2 6S.4 


07.0 



0.15 

Saponin 


65.2 67.7 


67.9 



1.0 

Peptone 


59.6 60.5 


93 3 



0.25 

Egg-albumin 


69.2 70.4 


OS. 4 



Quite different are the results summarized in Table 2. dealing with 53 
cases of malignant tumors. In these urines the surface tension ranges from 
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2°-4 (average, 64.8 dyn/cm). R ranges from 2.2 to 90.4 (average, 
o9.8J . In 43 out of these 53 cases the R-values were found higher than 50 
while in 10 (approximately 19%) lower values were observed. Furthermore) 
8 cases of acute infections and 10 cases of pulmonary tuberculosis were 
tested, appearing in Tables 3 and 4, respectively. Although the number of 
these latter cases is very small, the results are uniform enough : the values for 
R in 6 out of the 8 infectious cases are above 50 (average, 53.9); while in the 
tuberculosis urines an average of 51.1 was found for R. 

In analyzing these results, the following inferences are made: 

1. While the surface tension of the urines derived from patients 
with malignant neoplasms generally appears to be lower, as expressed 
in the average value of 04.8 dyn/ern as compared with the respective 
value of 66.6 dyn/cm obtained in the cases free from malignancy, the 
surface tension value found in a single case does not present a char- 
acteristic means of differentiation between “malignant'’ and “non- 
malignant” urines. Taking the value of 66.6 dyn/cm as the “nor- 
mal” average in our experiments, we find in the “non-malignant” 
cases (Table 1) IS out of 47 cases (approximately 39%) exhibiting 
lower values, whereas in malignant eases (Table 2) 36 out of 53 
urines (approximately 6S%) belong to this category. To put it 
simply: among “non-malignant” urines we find 2 out of 5 speci- 
mens and in “malignant” cases 2 out of 3 samples which exhibit 
surface tension values below the “normal ” average. 

2. Far more characteristic are the findings which were obtained 
by studying the adsorbability of the urinary surface-active sub- 
stances, as indicated by the factor R. Assuming 50 as the critical 
value for R, which, as explained above, indicates that at the end of 
the experiment 50% of the surface-active substances failed to be 
adsorbed, we find in the “non-malignant” urines in approximately 
87% R-values below 50, and in the “malignant" eases approxi- 
mately 79% above 50, thus indicating clearly the poorer adsorba- 
bility of the surface-active substances contained in the urines of 
patients afflicted with malignant neoplasms. 

3. This difference in the adsorbability of the surface-active sub- 
stances does not depend on the original surface tension, as may he 
easily seen from the tables. Comparison of Tables 3 and 2 reveals 
several identical or similar values of the original surface tension 
(y p ) which are connected with widely varying adsorbability as 
expressed by R. High adsorbability was observed in urines with 
very low surface tension and r tor r crxa. There is, however, one 
exception which concerns some “malignant urines (Jable 2, 
50 to 53) containing small amounts of surface-active substances, 
indicated by their high surface tension, and at the same time showing 
a better adsorbability— within the range of normal values. 

4. In the analyzed malignant cases no connection could lie estab- 
lished between the extent and severity of the disease on the one side, 
and between the urinary surface tension and or the adsorbability 
an the other side. That k the results mentioned are not expre-mns 
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of the generally impaired condition of the patients, nor can they be 
attributed to special localizations of the tumors. It seems, however, 
that the impaired adsorptive quality of the urinary surface-active 
substances may be more marked in cases where internal tumors 
existed, as 6 out of the 10 “malignant” urines with normal R-values 
concerned external tumors, such as face, tongue, and not metas- 
tasized breast neoplasms. 

5.- The few investigated cases of acute infections (Table 3) and of 
acute pulmonary tuberculosis (Table 4) yielded results very similar 
to the findings in the malignant neoplasms as regards adsorbability 
of the surface-active substances. An extremely low adsorbability 
was observed in 2 cases of pneumonia, while the adsorption in urines 
of tuberculosis was characterized by values ranging mostly 
around 50. 

Thus a- characteristic quality of the surface-active substances 
concerning their adsorbability was found in the majority of cases of 
malignant neoplasia and also of acute infections, as compared with 
the respective behavior of the surface-active substances in urines 
of normal persons or persons with other diseases than cancer or acute 
infections. This difference certainly depends on the chemical char- 
acter of the surface-active substances contained in the different urine 
categories. However, the most desirable proof for this assumption, 
the direct chemical analysis, encountered essential difficulties, 
primarily because all attempts failed to recover the adsorbed surface- 
active substancet from the adsorbent by elution (c/. Bechhold and 
Reiner 3 ). Therefore, another indirect way was chosen, that is, 
studying in model experiments the adsorptive behavior of several 
biologically important surface-active substances. As representatives 
of 4 groups of this kind sodium oleate (fatty acids), sodium cholate 
(bile acids), saponin, peptone and albumin (protein and protein 
decomposition products) were analyzed. As outlined above, the 
surface active-substances of the urine are most probably combined 
from these groups with the exception of saponin-like substances 
which may appear in the body and urine as a result of medication 
only. The results of these experiments, which were performed in the 
same way as the experiments with urines, are contained in Table 5. 

In comparing these results we find the best adsorbability present 
in sodium oleate solutions as expressed in a R of 10.0, combined 
with an original surface tension as low as 27.0 dyn/cm. The reverse 
property— very poor adsorbability— was observed in peptone 
solutions— R-93.3 (70-59.6 dyn/cm) and in albumin solutions— 
R-6S.4 (7 o- 69.2). Between these extremes, cholate maintains a 
middle position with an adsorption: R-21.0, 24.4, 55.2 for the 
respective surface tensions of 64.5, 60.7 and 57.6 dyn/cm. A poor 
adsorption was found for saponin also (R 67.6, 67.9), but, as 
explained above, saponin does no't have special significance in rela- 
tion to the surface-active substances of the urine. 
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On the basis of these model experiments, the conclusion appears 
to be justified that the surface-active substances present in “nor- 
mal” urines consist, according to their adsorbabilitv, of varying 
combinations of fatty acids, bile acids, and their salts, respectively. 
In malignancy, however, and in other urine specimens exhibiting a 
decreased adsorbability, protein decomposition products, such as 
peptones, albumoses and oxyproteic acids, must be considered 
responsible for the lowered surface tension and the diminished ad- 
sorbability of the urinary surface-active substances. 

A short review of the literature reveals that these results agree 
very well with previous findings on urinary surface tension, and they 
also fit satisfactorily into our knowledge of metabolism in neoplasia. 
With the exception of the direct relation between lowered surface 
tension and increased bile acid content of the urine in icterus, no 
definite connection between any pathologic condition and the urinary 
surface tension could be established. 11 Also, kidney diseases— both 
of surgical and medical— were shown to be without influence on the 
urinary surface tension. 10 With regard to the chemical nature of the 
urinary surface-active substances, Traube and Blumenthal 15 assumed 
that' peptones and other protein decomposition products are to he 
found among them. Beehhold and Reiner 3 made a similar statement 
on the basis of their investigations. 

Several papers were concerned directly with the urinary surface 
tension of neoplastic patients. Sehemensky 13 mainly studied the 
effect of acidification of urine on its surface tension. This procedure 
regularly caused a rise of the surface activity but was more effective 
in urines of patients with malignant neoplasms. The author found 
this quality so characteristic that he proposed its diagnostic utiliza- 
tion. While the lowering of the surface tension after acidification of 
urine was confirmed 1 and in the course of this study similar observa- 
tions were made, Isaac-Krieger and Friedlander' found no diag- 
nostic usefulness of this method. Only 1 1 of 24 cancer urines showed 
an "acid effect” exceeding the norma! range, whereas “positive” 
results were obtained in a high percentage of control cases also. 
From a different angle Adlcrsberg and Sugar 1 approached this sub- 
ject by studying the daily fluctuation of the surface tension in urine 
portions passed within 24 hours. The authors observed in malig- 
nancy, as well as in a number of other diseases, such as consumptive 
tuberculosis, liver diseases and albuminuria, a lesser degree of daily 
changes in the surface tension than in “normal’ cases. 1 his 
phenomenon was called “iso-stalaeturia” and was considered evi- 
dence of the presence of protein decomposition products. 

On the other hand, it is well known from numerous investigations 
that the pathologic protein metabolism in malignant neopln-in 
results in changes of the X-containing substances in the urine. We 
refer mainlv to studies on the “colloidal X” and the oxyproteic 
acids (Salomon and Saxl'-j. The increased urinary excretion of 



stern: surface-active substances of urines 


237 


these substances in malignancy was studied by several authors 

This study attempted to clarify the problem insofar as the relation 
between urinary surface-active substances and excretion of protein 
decomposition products is concerned. No connection between dis- 
ease and the value of the urinary surface tension could be estab- 
lished. But in malignancy and in acute infections a characteristic 
adsorptive quality of the surface active substances was observed. 
While it is obvious that this quality does not lend itself to diagnostic 
purposes, it offers some insight into the metabolic processes of these 
diseases. 

In this connection the following possibility may be mentioned 
purely hypothetically. Protein decomposition products do arise in 
the body during normal and many other pathologic conditions also. 
Because of their colloidal character, however, they are stored by 
the reticulo-endothelial system, as far as they are not destroyed. 
Both in malignancy and in acute infections, in which conditions we 
noted the presence of increased amounts of protein decomposition 
products in the urine, the reticulo-endothelial system was found to 
be functionally impaired. 14 - 16b Therefore a connection between 
these two phenomena seems to be possible. Adequate animal 
experiments to clarify this question could not now be performed but 
will be attempted later if possible. 

Summary. Studies on the surface tension and on the adsorption 
of the surface-active substances were performed in 118 urines. 
These specimens were derived from normal persons and from 
patients suffering from various diseases. In the majority of the 
urines of patients afflicted with malignant neoplasms, acute infec- 
tions, or tuberculosis, a characteristic quality of the urinary surface 
active substances was observed with regard to their adsorbabilitv. 
These results were connected with the chemical nature of the surface- 
active substances, and their significance for the understanding of 
metabolic processes was discussed. 
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CARCINOMA OF THE PAPILLA OF VATER: CLINICAL FEATURES 

IN FORTY CASES. 

By Wendell S. Sharpe, M.D., 
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AND 

Mandred W. Comfort, M.D., 

DIVISION OP MEDICINE. MAYO CLINIC, 

ROCHESTER, MINN. 

Carcinoma of the papilla of \ ater presents an interesting problem. 
Ampullary carcinomas are small, give rise to symptoms early in the 
course of the disease and metastasize late. Timely diagnosis of 
organic disease in these eases should be possible, because obstruc- 
tion of the vital common bile duet and pancreatic ducts produces 
easily recognized symptoms. That the cause of the obstruction is 
carcinoma of the papilla, however, cannot usually be ascertained 
until operation or necropsy. Surgical treatment offers cure or pal- 
liation. 

The 40 cases of carcinoma of the papilla of Yater forming the 
basis of this study are only a part of the eases of this type which 
have been recognized surgically at the clinic. We have chosen to 
review only those 40 in which the location and the carcinomatous 
character of the lesion were confirmed by surgical exploration and 
biopsy or by necropsy. Some type of operation was performed in 
33 of these 40 cases, but specimens for microscopic study were ob- 
tained at operation in only 7. Also, in 33 the diagnosis was confirmed 
by necropsy. 

Incidence and Material. Carcinoma in the region of the papilla of 
Yater is not so rare as one would believe from the relatively few 
reports in the literature; in fact, it is not uncommon. Cooper and 
Baggenstoss stated that the lesion can he demonstrated in about 
0.2% of all postmortem examinations. Most writers accept 5o 
years as the average age at which the disease occurs hut others 
reporting series of cases have observed, as we have in this study, 
that the incidence extends from youth to old age. In this series of 
40 cases the youngest patient was 20 years of age, the oldest 07 ; 
27 patients were in the sixth or seventh decades of life. The disease 
is much more common among men than among women, the ratio 
varying in different estimates from 2:1 to 0:1. Of the patients 
concerned in this study 34 were men and 0 were women. 

Baggenstoss 1 recently studied, grossly and microscopically, the 
resected tissue in 28 of the 33 cases herein reported in which necropsy 
was made. The classic studies of Cohen and Colp, 1 Crohn. 4 and 
Outerbridge 10 should he mentioned in any review of the subject 
of carcinoma of ampulla of Yater. 

Clinical Features. The anatomic arrangement in the region of the 
papilla or of the ampulla leads naturally to the development of 
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obstruction of the common bile duct and pancreatic ducts and to the 
production of symptoms. It is interesting that in the series under 
discussion the possibility of carcinoma of the ampulla was suggested 
in only 1 case, before operation, but in 38 the diagnoses indicated 
that the clinician knew that obstruction of the common bile duct 
was present (Table 1). 

Table 1.— Various Preoperative Diagnoses and Their Incidence in 40 Cases 
of Carcinoma or the Papilla or Vater. 


Diagnosis. Incidence, 

Carcinoma of pancreas 15 

Stone in common duct 9 

Obstruction of common duct 9 

Stricture of common duct 4 

Cholecystitis 2 

Cirrhosis of the liver 1 

Hepatogenous jaundice . . 1 

Intra-abdominal malignant disease . • 1 

Carcinoma of ampulla 1 1 

Empyema of gall bladder .... 1 

Carcinoma of ovary 1 

Duodenal ulcer 1 

Carcinoma of liver 1 


47* 

*• In 7 cases two diagnoses were made. 

Since Musser, 9 in 1889, called attention to the association of 
symptoms, jaundice has been an accepted feature of carcinoma of 
the papilla. Through the years the only point of argument has been 
whether or not the jaundice is intermittent or constant. In this 
series of 40 cases jaundice was a constant feature, being definitely 
present in 38 when the patients were admitted to the clinic and de- 
veloping in the other 2 cases while the patients were under observa- 
tion. In more than half of the cases jaundice was of a degree suffi- 
cient for it to be one of the chief complaints. In 8 cases, jaundice 
was intermittent, the patients having recovered from one or more 
attacks in the months or years preceding the final episode. In 32 
cases jaundice was constantly present although fluctuating. In a 
few instances it was said to be non-fluctuating. A mildly fluctuat- 
ing, slowly progressing jaundice, usually of much less intensity than 
the progressive icterus of carcinoma of the pancreas, and occurring 
only once in each case, was the most frequently described type. 
The greatest period of fluctuating jaundice was 24 months and it is 
interesting that for long intervals this presenting symptom was 
unaccompanied by any other disturbance. The longest spell of 
continuous, non-fluctuating jaundice was 5 months. In cases 
marked by protracted, fluctuating jaundice, the outstanding symp- 
toms early in the course of the disease were anorexia and gradual 
loss of weight, whereas pain, nausea and vomiting occurred late. 
In the smaller group of cases in which the jaundice was non-fluctuat- 
ing the patients were worse and their course was more rapidly 
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downhill. Loss of weight and strength was a consistent feature; 
more than 90% of patients in this group ]ost weight, 1 patient 
60 pounds (27.2 kg.) in 4 months. 

Contrary to earlier opinions, 3 - 7 - So - 6 ' 11 carcinoma of the papilla of 
^ a 4 er painless. Twenty-four of the 40 patients had experi- 
enced pain of some kind, and pain was one of the chief complaints of 
1 6 of the 24 patients. In 1 1 of these 24 cases the pain may have been 
at least partially due to a stone that was present in the common duct, 
but not necessarily so, for as we shall see later, pain similar to that 
produced by stone occurred in cases without either cholelithiasis or 
choledocholithiasis (Case 2). The pain was either colicky or mild 
and continuous. In general, the milder, continuous type of epi- 
gastric pain, together with some tenderness in the right upper 
abdominal quadrant, was the more frequent finding. In 1 case 
vague abdominal pain had recurred at intervals in the 48 months 
prior to the onset of the final episode. In an additional 14 cases 
abdominal pain of greater or lesser severity preceded the final 
episode of pain or jaundice. 

Chills and fever have been reported to be present in from 12 to 
•33% of cases of carcinoma of the papilla. These symptoms were 
present in a larger proportion of cases in this series, being described 
by 22 of the 40 patients. The finding of stone in the common duct 
at operation in 10 of these 22 cases indicates that the stones had 
something to do with the chills and fever. Ninety per cent of our 
patients experienced nausea at some time, and nausea and vomiting 
accompanied the more severe attacks of pain and even a good pro- 
portion of the milder attacks. Pruritus, naturally, was a trouble- 
some symptom in view of the duration of jaundice and the intensity 
of damage to the liver in many of these cases. 

The descriptions given by the patients of behavior of bowel 
function presented a number of interesting points in addition to the 
tendency to acholic stools and dark urine. It is particularly inter- 
esting that in 10 of the 38 cases in which the color of the stool was 
described, tarry stools had been noted by the patients, indicating 
bleeding from the surface of the tumor; the tendency to bleed will be 
discussed later. Diarrhea was described as being present in 22 
cases. The stools were steatorrhea! in a small number of eases. 

A number of reports of cases are presented in abstract to illustrate 
various types of jaundice, with and without pain. These reports 
illustrate clearly that no typical clinical syndrome may he attached 
to carcinoma of the papilla. 

Painless Intermittent Jaundice. Case 1.— A man, aged 50, registered at 
the clinic April 17. 1035. In December. 3033. he had had an atfark of pam- 
Jr>« jaundice associated with revere pruritus, anorexia, lo-s of weight and 
extreme fatigue which had persisted for 3 months. The patient had h" r '' ! 
able to return to work but did not fully recover hi- strength. In Derern.n r. 
1034. a similar episode of jaundice had begun with diarrhea. pain an- 
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present, the jaundice fluctuated in severity, the stools were alternately 
acholic and pigmented. 

Physical examination at the clinic revealed the jaundice to be fairly deep 
and the li v er enlarged. A mass that presented the physical characteristics 
typical of the distended gall bladder of malignant obstruction was palpated 
in the right upper abdominal quadrant. The concentration of bilirubin was 
14 mg. per 100 cc. of serum; results of the Schmidt test for urobilin in the 
stools were consistently negative. The activity of lipase in the blood serum 
in terms of twentieth-normal solution of sodium hydroxide ranged around 
2 cc. Diagnosis was made of carcinoma of the head of the pancreas. 
Exploratory operation disclosed the head of the pancreas to be hard and 
nodular and the gall bladder to be distended, containing two small stones; 
cholecystogastrostomy was performed. Necropsy revealed carcinoma of the 
papilla of Yater. 

In the foregoing case the jaundice was not only intermittent but 
in the last attack fluctuating as well. It is possible that the primary 
attack of jaundice was intrahepatie in origin and unrelated to the 
terminal attack. It may be assumed however that the onset of 
jaundice was the first manifestation of the carcinomatous obstruction 
of the common bile duct, and that the obstruction subsequently 
disappeared through ulceration of the neoplasm only to reappear 
after an interval of 9 months. At the time of admission the dis- 
tended gall bladder and the persistently negative results of the 
Schmidt test for urobilin in the stools left no doubt that the jaundice 
was due to obstruction or that the obstruction was a malignant 
lesion. The palpable gall bladder and the elevation of lipase in the 
serum pointed to the pancreas or the papilla as the site of the lesion. 
Further differential diagnosis being impossible, the painless inter- 
mittent jaundice was ascribed to the most frequent cause, and 
clinical diagnosis was made of carcinoma of the head of the pancreas. 

Painful Intermittent Jaundice. Case 2. — A woman, aged 48, registered 
at the clinic Sept. 9, 1933, complaining of abdominal pain which she had had 
at intervals over a period of 18 months. The first attack had lasted a num- 
ber of hours, had been associated with chills and fever, and had been fol- 
lowed by jaundice, acholic stools and dark urine that had continued for 
about 4 days. Seven months later, or 11 months before the patient’s ad- 
mission to the clinic, a seizure of severe colic in the right upper abdominal 
quadrant, lasting 6 hours, necessitated morphine for relief; this attack 
likewise was followed by jaundice, chills and fever. The jaundice had 
persisted 2 months and during this time the patient had repeated attacks of 
pain, chills and fever. Eight months later, or 3 months before admission a 
similar attack had begun and had persisted with fluctuating jaundice until 
registration. On examination it was learned that the patient had lost 28 
pounds (12.7 kg.); she was emaciated and deeply jaundiced; the abdomen 
was distended, the liver enlarged and the palpable gall bladder presented 
the characteristics of the distended gall bladder of malignant obstruction. 
The concentration of bilirubin in the serum ranged around 15 mg. per 
100 cc. and the van den Bergh reaction was direct. Results of chemical 
analysis of the stools for bile were consistently negative but small amounts of 
bile were obtained by the duodenal tube from the duodenal cavity. Explora- 
tory operation revealed ascites, multiple metastatic lesions in the liver and a 
mass in the region of the head of .the pancreas; necropsy disclosed a large 
carcinoma of the ampulla of Yater. 
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A more typical story of stone in the common duct could not be 
written than in the case just reported. The jaundice was painful 
and was definitely intermittent and obstructive. The degree of 
obstruction on the patient’s admission to the clinic was indicated by 
the small amount of bile obtained through the duodenal tube and by 
the negative results of tests for bile in the stools. The palpable mass 
in the right upper quadrant of the abdomen might have been mis- 
taken for empyema of the gal! bladder but its physical character- 
istics led to the belief that the gall bladder was distended because of 
malignant obstruction. Stones were not found in either the gall 
bladder or the common bile duct at operation or at necropsy. There 
seems little reason for doubting that the carcinoma of the papilla 
was responsible for the recurring attacks of pain, chills, fever and 
jaundice. 

In many cases of carcinoma of the papilla in which a story of 
common duct stone is obtained, stones as well as carcinoma are 
found; when both are present one may wonder, in view of the case 
just described and of similar cases, whether stone or carcinoma is 
responsible for the pain. 

Painless Constant Jaundice. Case 3.—A man, aged 53, was admitted to 
the hospital Oct. 17, 1938. Painless jaundice, mild but fluctuating in 
intensity, had begun in August of that year and had been accompanied by 
pruritus, light stools and dark urine. The concentration of bilirubin was 
8 mg. per 100 cc. of serum; a normal amount of good bile was obtained by 
duodenal tube. During hospitalization the patient gained weight, his condi- 
tion improved, concentration of bilirubin dropped to 2.0 mg. per 100 cc. of 
serum, and the jaundice decreased. It was assumed that the jaundice was 
probably intrahepatic in origin and the patient was dismissed Xov. 4. 

Tiie jaundice did not entirely clear, it continued to fluctuate in depth, 
and the patient again began to lose weight. At the time of his second ad- 
mission to the clinic, Apr. 3, 1939, the jaundice was mild, the concentration 
of bilirubin was 12.0 mg. per 100 cc. of serum, the activity’ of lipase in the 
blood serum in terms of twentieth-normal solution of sodium hydroxide was 
3 cc. Abdominal examination gave negative results. Duodenal drainage 
produced a satisfactory amount of bile which appeared normal blit contained 
some old and some fresh blood. Exploratory operation revealed ascites, 
marked biliary cirrhosis, a distended gall bladder and an ampulinry tumor 
measuring 2 by 1.5 cm. in diameter. Cholecystogastrostomy was per- 
formed as a palliative measure. Death occurred S months postoperative!)'. 

The obstruction in the foregoing case was incomplete on each of 
two examinations of the patient at the clinic; a normal amount of 
good bile was recovered by duodenal tube and the concentration 
of bilirubin at the highest was between S mg. and 12 mg. per HX) re. 
of serum. The jaundice was constant but distinctly fluctuating. 1 be 
apparent patency of the common bile duet, as indicated by the fore- 
going findings, as well as the general improvement in the patient s 
condition, justified the tentative diagnosis of intrahepatic jaundice 
at the first admission. At the time of the second admission the 
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picture had changed in certain essentials. The increased activity 
of lipase in the serum pointed definitely to primary or secondary 
pancreatic involvement and this, together with the blood in the 
duodenal contents, suggested an ulcerating and bleeding malignant 
lesion of the pancreas or the papilla. It is interesting that in spite 
of the partial patency of the common bile duct the gall bladder at 
surgical exploration was found to be distended. 

Diagnosis. Carcinomas of the papilla have manifested themselves 
by combinations of symptoms other than those described : by recur- 
rent pain with chills and fever without jaundice until the terminal 
attack; by constant, fluctuating jaundice with chills and fever but 
no pain; by progressive non-fluctuating jaundice alone. In 1 case 
the anorexia and loss of weight overshadowed all other symptoms. 
It is clear that the clinical picture cannot be relied on for early 
diagnosis. 

Certain physical and laboratory findings serve to establish the 
obstructive nature of the jaundice and the malignant character of 
the obstruction. In 25 of the 40 cases distended gall bladders were 
palpated; in 6 more cases tremendously distended gall bladders were 
found at operation. Distention of the gall bladder may occur even 
M'hen the common bile duct is only partially occluded, as in Case 3, 
and it is undoubtedly the most important finding encountered in 
cases of carcinoma of the papilla inasmuch as it points definitely 
to malignant obstruction, as in Cases 1 and 2. Probably in all, or 
nearly all, cases the gall bladders are enlarged, but not all the gall 
bladders are felt on examination, since the palpability of the organ 
depends on the degree of muscular development and relaxation as 
well as on obesity. Most curious was the disappearance of the 
distention of the gall bladder in 4 cases, prior to operation; in 1 case 
after severe upper abdominal pain the gall bladder literally vanished 
beneath the examiner’s fingers. In this case an ulcerating car- 
cinoma of the ampulla was found, and we believe that disappear- 
ance of the distention of the gall bladder is to be explained on the 
basis of recanalization or ulceration of the carcinoma. 

Roentgenologic examination has not proved of great value in 
diagnosis of carcinoma of the region of the papilla. Of the cases 
here presented the gall bladders were examined roentgenologically 
in 10, and it is interesting that in 7 the gall bladder functioned 
normally in spite of existing jaundice. In 3, the roentgenologic 
finding of non-functioning gall bladders containing stones served 
only to confuse the diagnosis. Thirty of the 40 patients were sub- 
jected to roentgenologic examination of the stomach and duodenum. 
This procedure likewise proved to be of little value, the results being 
negative in 20 cases and showing some type of deformity of the 
duodenum, interpreted as duodenitis, flattening from extrinsic 
pressure and duodenal ulcer, in the 10 cases. 
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In 25 of the 40 cases considerable information of value was ob- 
tained by examination of duodenal contents removed through the 
duodenal tube. Bile was absent in 14 cases, indicating the ob- 
structive nature of the jaundice; blood and bile were present in 
d instances, and blood alone in 8, indicating that the lesion was 
ulcerating and bleeding. It is important to know that evidence of 
bleeding was discovered by examining the duodenal contents in 44% 
of the 25 cases. 

Data of considerable value likewise were obtained by chemical 
examinations of the stools and urine; that the stools were acholic 
and the urine bile-containing is not sufficient comment. More 
important was the finding of occult blood in 15 cases other than the 
10 in which tarry stools’ had been noted by the patients. Deneehau, 
Tonguy and Varangot 5 (1931) have called attention to the fre- 
quency of occult blood in the stools in carcinoma of the papilla. 
The tendency for ampullary lesions to bleed is very definite; even 
fatal hemorrhage has been reported (Halsted, 6 Cooper 3 ). 

Blood counts not infrequently disclose anemia. Determinations of 
the concentration of bilirubin evidence the depth of jaundice and 
when carried out frequently, reveal the fluctuations in depth. In 
this series the concentration of bilirubin ranged from 1.0 mg. to 
28.8 mg. and averaged 14.6 mg. per 100 cc. of serum. The van den 
Bergh reaction was direct in all cases. The determinations of 
enzymes in the serum have shown increased activity in approxi- 
mately 66% of cases; such elevated values however do not often 
aid in distinguishing among various types of pancreatic disease. 
Determinations of enzymes in the duodenal content were not carried 
out to any extent in this series. Various tests of hepatic function 
have been of little assistance in cases of this type. 

Differential Diagnosis. Jaundice due to carcinoma of the papilla 
must be distinguished from jaundice of hepatogenic origin when the 
duct is patent; that is, when there is bile in the duodenal contents, 
the gall bladder not palpable and pain is absent. Absence of 
enzymes from the duodenal contents, and presence of elevated values 
for amylase and lipase in the scrum, and of glycosuria and hyper- 
glycemia, if known to have been absent prior to the onset of the 
disease, will point to pancreatic involvement and away from a 
primary intrahepatic disease. Such findings, however, will not 
denote* the nature of the pancreatic disease; gross or occult bleeding 
is strong evidence of a malignant lesion of the pancreas or of the 
papilla. 

Carcinoma of the papilla must he distinguished from stone in 
the common bile duct when the jaundice is fluctuating and pain has 
been, or is, present. If a distended gull bhidder charcicteristk* of 
malignant obstruction is palpated, it may be assumed that malig- 
nant disease, with or without stone, is present; but if the gall bladder 
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is not palpated and the obstruction is incomplete, the malignant 
character of the lesion may be suspected from the progressive course 
of the disease and especially if gross or microscopic bleeding is 
present. Functional tests of the pancreas will denote whether or 
not the pancreas is involved but will not reveal the character or 
location of the primary lesion and will not exclude the existence of 
disease of the biliary tract as well as of pancreatic disease. 

Carcinoma of the papilla can be distinguished from carcinoma of 
the pancreas only with the greatest difficulty. Long continued, 
fluctuating jaundice together with partial obstruction of the com- 
mon bile duct and a palpable gall bladder will suggest carcinoma of 
the papilla but similar clinical pictures are seen in carcinoma of the 
head of the pancreas. Similarly, blood in the duodenal contents 
will not serve to distinguish the 2 processes, since bleeding may occur 
in carcinoma of the head of the pancreas, owing to ulceration into 
the duodenal wall. 

Comment. The diagnosis of carcinoma of the papilla is difficult 
because the disease presents no typical clinical picture and no typical 
physical findings. It simulates both benign and malignant obstruc- 
tion and with the exception of occasional cases in which the findings 
point to hepatogenic jaundice, the jaundice is obviously obstructive 
and can be corrected by surgical intervention. Even in the presence 
of jaundice simulating hepatogenic jaundice, careful observation 
will disclose developments pointing to the obstructive nature of the 
process. The hope for successful surgical treatment of carcinoma of 
the papilla lies in the fact that the picture, even in the early course, 
is typical of organic disease. Increased awareness on the part of the 
surgeon of the possibility and of the frequency of carcinomatous 
involvement of the region of the papilla eventually may evolve 
satisfactory surgical approach to the treatment of these lesions, as 
described by Whipple. 12 ’ 13 Preoperative and postoperative care 
has advanced sufficiently greatly to reduce the operative mortality. 
Surgical measures such as cholecystogastrostomy offer much from a 
palliative standpoint, when removal of the carcinoma is not feasible. 
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A arious statistical analyses attempting to evaluate the changes 
wrought by the introduction of insulin therapy agree that the life 
expectancy of the diabetic has greatly increased; that coma and 
sepsis have greatly decreased as causes of diabetic death; and that 
the percentage of deaths due to arteriosclerotic complications has 
not been altered appreciably. 

These analyses have concerned themselves with the actual causes 
of mortality. The amenability to insulin therapy of certain compli- 
cations has removed these from the mortality column and thus may 
lead to underestimation of their existence, frequency and importance. 
The present study, therefore, concerns itself with the morbidity 
as well as mortality in diabetics. These statistics are published 
with the view to making the data From an institution with a compara- 
tively large diabetic population available for comparative studies. 

One gauge for the estimation of morbidity is a study of the ad- 
missions of diabetics to a general hospital. The hospital records of 
all diabetic patients admitted to this hospital were reviewed for the 
period from 1933 to 1939. This 7-year period was chosen because it 
represented approximately 1000 diabetic patients, the exact number 
being 997. Some of these patients were admitted more than once 
during this time interval, bringing the total number of admissions 
to 1104. Of this number of diabetics 430 were males and 001 were 
females. For comparison, the total of admissions to this hospital, 
for all causes, in this period of time was 91,100. 

An analysis of the age groups of the diabetic patients admitted, 
reveals the following: 

10 yours nnd under 1(1 -H in SO year* .... 

11 to 20 years .... 30 51 to 00 years . . . . 2S0 

21 to 30 years .... 31 01 to 70 years. . . , 201 

31 to 40 years .... 05 71 to SO years . ... 70 

The sudden rise in incidence over the age of -10 parallels the inci- 
dence of diabetes by age groups in the general population. 

During this 7-year period there were 193 deaths in tins group of 
patients, an approximate mortality rate of 17.o%. One hundred 
and thirteen postmortem examinations were performed, an average 
of oS.oSe • This relatively hicli percentage of postmortems is lanrely 
due to the interest and cooperation of the house staff. 
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Tabulation of the discharge diagnoses is given in Table 1 . There 
are certain very definite lessons to be learned from this computation 
One is that the acute infections still account for a large percentage 
of admissions of diabetic patients to the hospital. This perhaps may 
seem strange in view of the effectiveness of modern therapy in con- 
trolling the clinical symptomatology of diabetes. 


Table 1. — Discharge Diagnoses. 



Times 


Times 

Complications. 

diagnosis 


diagnosis 

was made. 

Complications. 

was made. 

Vascular Disease , t 


028 

Benign: 



Hypertension .... 


163 

Uterine fibroids . 


16 

Gangrene 


106 

Adenoma of bronchus 


2 

Coronary thrombosis . 


89 

Neurofibromatosis . 


2 

Congestive heart failure 


81 

Acoustic neuroma 


1 

Retinopathy .... 


SO 

Infections 


407 

Amputations for gangrene 


55 

Abscess 


127 

Cerebral thrombosis and liemor- 


Bronchopneumonia (chiefly termi- 


rhage 


27 

nal) 


70 

Glomerulonephritis 


15 

Sepsis 


33 

Pulmonary embolism . 


10 

Tuberculosis .... 


32 

Thromboangiitis obliterans 


1 

Pyelonephritis .... 


22 

Paroxysmal tachycardia . 


1 

Lobar pneumonia 


21 

Gaslro-inlestinal .... 
Gall bladder disease 
Cholecystectomy 

Peptic ulcer 

Cirrhosis of liver 

Acute hepatitis .... 

Colitis 

Intestinal obstruction . 
Pancreatic cyst .... 
Gastrectomy .... 


140 

82 

24 

IS 

8 

6 

Acute otitis media and mastoiditis 

Acute sinusitis 

Appendicitis 

Lung abscess 

Erysipelas 

Acute upper respiratory infection . 
Thrombophlebitis 

20 

17 

12 

11 

10 

10 

10 


0 

2 

2 

1 

Acute pancreatitis . 

Empyema 

Vincent’s angina 
Meningococcus meningitis 


c 

2 

2 

1 

Genito-urinary Diseases 


86 

Acute salpingitis 


1 

Prostatectomy .... 


25 

Coma and Ketosis .... 


201 

Cystorectocele .... 


10 

Allergy: 



Uremia 


10 

Asthma 


s 

Renal calculi .... 


13 

Angioneurotic edema . 


2 

Cystitis 


S 

Skin Diseases: 



Vesical calculi .... 


0 

Psoriasis 


6 

Tuberculous kidney 


1 

Vulvitis 


5 

Amyloid kidney 


1 

Herpes zoster .... 


1 

Hematologic Diseases . 
Secondary anemia . 

Leukemia 

Polycythemia . . . . 

Pernicious anemia . 
Hodgkin’s disease . 
Agranulocytosis 


so 

20 

4 

4 

Minor Surgery: 

Foreign body (needle) . 
Tooth extraction 

Fistula in ano .... 

N eurologic: 


5 

5 

3 


4 

0 

1 

Amyotrophic lateral sclerosis 
Myasthenia gravis . 
MCniere’s disease 


1 

I 

0 

Gaucher’s disease . 


1 

Miscellaneous: 



Endocrine Disturbances 


40 

Lues 


33 

Hyperthyroidism 


44 

Cataract operations 


41 

Pheochromocytoma 


1 

Rheumatic heart disease . 


IS 

Cushing’s syndrome 


1 

Fractures 


15 

Neoplasms: 



Acute alcoholism 


3 

Malignant: 



Strangulated hernia 


3 

Carcinoma . . . . 

. . 

03 

Boeck’s sarcoid .... 


1 
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Table 2.— Principal Causes of Death in 193 Cases. 


With- 
out With 
coma. coma. 


Infection: 

Otitis media purulent acute 1 

Acute mastoiditis with sep- 
sis 3 

Mediastinitis .... 2 

Carbuncle with sepsis . 4 

Acute bacterial endocardi- 
tis 2 

Appendicitis .... 0 

Meningitis 1 

Acute pancreatitis . . 1 


One case each of: acute sinusitis with 
sepsis, retropharyngeal abscess, can- 
crum oris, pyarthrosis with sepsis, 
decubitus ulcer with sepsis, tenosyn- 
ovitis with sepsis, cellulitis with sep- 
sis; peritonitis following: volvulus, 
perforated colonic ca., perforated 
bladder ca., perforated uterine ca., 
and perforated duodenal ulcer; acute 
cholecystitis, acute cholecystitis with 
sepsis, ca. gall bladder, subphrenic 


abscess. 

Pyelonephritis .... 7 

Cystitis with sepsis . . 1 

Pyonephrosis with sepsis . 1 

Genilo-urinanj: 

Uremia 3 

Postop. nephrolithotomy . 1 

Postop. cyst olithot omy . 1 

Gaslro-intcslinal .... 7 


Consisting of one case each of: colonic 
ca. with metastasis, postop. rectal 
ca., postop. colonic ca., strangulated 
femoral hernia, cirrhosis of liver, cir- 
rhosis with hemorrhage, gastro-intes- 
tinal bleeding — cause? 


With- 
out With 
coma. coma. 

Infection: 

Miscellaneous . 9 

Consisting of one case each of: postop. 

acoustic neuroma, leukemia, agranu- 
. locytosis, Hodgkin’s, lymphosarco- 
matosis, hemochromatosis, pheo- 
chromoevtoma, air embolism, un- 
known. 

Unknown with coma . . 2 


Cardiovascular: 

Acute coronary occlusion . 39 

Congestive cardiac failure 23 
Gangrene of foot with sep- 
sis 3 

Postop. amputation tor 
gangrene .... IS 

Postop. amputation for 
gangrene and bronchopn. 1 
Postop. amputation tor 
gangrene and coronary 
occlusion .... 2 

Cerebrovascular accident 0 

Pulmonary embolism . . 2 

Pulmonary: 

Lobar pneumonia ... 9 

Bronchopneumonia . . 5 

Lung abscess .... 3 

Pulmonary edema . 1 

Carcinoma bronchus and 
metastasis .... I 

Pulmonary tuberculosis . 3 

Disseminated tuberculosis 1 

Pyopneumothorax . . 2 


1 


1 


o 

o 


Cardiovascular: 

Arteriosclerosis 

Coronary sclerosis 

Acute coronary occlusion . 

Old coronary occlusion 
Congestive heart failure 
Rheumatic endocarditis 

Hydrothorax 

Enlarged heart 

Bacterial endocarditis . 

Acute pericarditis 

Cerebral thrombosis .... 
Patent foramen ovale . 

Calcified aortic stenosis 
Myocardial fibrosis .... 

Miscellaneous 

One case each of: calcified mitral 
valve, air embolism, saddle cm- 
lml us of aorta, iliac vein tlirotn- 
bo-is, i>ortaI vein thrombo-:*, 
hepatic vein thromlm-is. fem- 
ora! artery thromlm*-!*. 


13 Postmortem Examinations. 
Endocrine: 

Thyroid adenoma .... 

Colloid goiter 

Hyperplastic thyroid . 

Atrophy of thyroid 
Cortical adenoma of adrenal . 
Cortical hyperplasia of adrenal 
Pheochromocytoma 

A pi astic testis 

Liter: 

Chronic passive conge-tion 

Cirrho-T's 

Patty infiltration .... 
Hepatic artery thrombo-d* ate 

infarction 

Hepatic a!i~<-c-s 

Hepatitis 

Hcrnochromato-i- ... 


Table 3. — Necropsy Findings is 1 


7S 

04 

23 

S 

10 

15 

13 

S 

3 


4 

s 

H 
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Table 3. — Necropsy Findings in 113 Postmortem Examinations. 

( Continued .) 


Gall Bladder: 

Acute cholecystitis 

Chronic cholecystitis .... 
Choledocliolithiasis .... 
Cholesterol infiltration 

Cholelithiasis 

Spontaneous choledochoduodenos- 

tomy 

Chest: 

Lobar pneumonia 

Bronchopneumonia .... 

Pulmonary edema 

Pleurisy with effusion .... 
Pulmonary embolism .... 

Bronchiectasis 

Embolic abscesses 

Bronchopleural fistula .... 

Mediastinitis 

Bronchogenic carcinoma . 

Lung abscess 

Pyopneumothorax 

Tuberculosis 

(Primary, 17; disseminated, 7; 
caseous, 7; fibrotic, 9; cavitation, 
3; calcified nodes, 9; exudative, 
1 .) 

Spleen and Blood: 

Infarcts 

Septic spleen 

Miscellaneous 

One case each of: thrombosis 
splenic vein, Hodgkin’s, aleu- 
kemic mylosis, tuberculosis, cal- 
cified aneurysm splenic artery, 
atrophy, lymphosarcomatosis. 
Neurologic: 

Brain tumor 

Tabes dorsalis 

Miscellaneous: 

Fractured femur 

Persistent thymus 

Infections: 

Sepsis 

Acute otitis media 

Lateral sinus thrombosis . 

Acute mastoiditis 

Carbuncle 

Cellulitis of foot 

Gangrene with amputation 
Gangrene without amputation 

Meningitis 

Alveolar abscess 

Cellulitis of abdominal wall 

Cellulitis of stump 

Miscellaneous 

One case each of: metastatic 
brain abscess, tenosynovitis 
(acute), subphrenic abscess, p.vo- 
artlnosis, brain abscess, cellulitis 
of neck. 


3 

17 

3 
2 

19 

1 

4 
43 
29 

2 

12 

4 

1 

1 

2 

1 

3 

2 

53 


7 

13 

7 


1 

1 


1 

17 

2 

1 

0 

3 

2 

11 

1 
1 
1 
2 
0 
C 


Gastro-intestinal: 

Gastric ulcer 

Acute gastritis 

Erosions of stomach .... 

Gastric ca 

Gastric myoma 

Gastro-jejunal ulcer . . . . 

Duodenal ulcer 

Duodenal ulcer perforated 
Intestinal obstruction . 

Ileojejunitis 

Ulcerative colitis 

Ca. of colon 

Ca. of rectum 

Colonic divertieulaa .... 

Colonic polyposis 

Acute appendicitis 

Peritonitis 

Ascites 

Meckel’s diverticulum .... 

Miscellaneous 

One case each of: cancrum oris, 
peptic ulcer esophagus, esoph- 
ageal varices, duodenal erosions, 
cliyloma of jejunum. 


5 

4 

3 

1 

3 

1 

0 

1 

3 

3 
2 

4 
1 

4 
9 

5 
G 
4 
2 


Pancreas: 

Lipomatosis 20 

Fibrosis 5 

Hyalinized islets 2 

Chronic pancreatitis .... 1 

Subacute pancreatitis .... 1 

Pancreatic cyst 1 

Fat necrosis 2 

Atrophy 7 


Genitalia: 

Fibroids 4 

Ovarian cyst 1 

Tu bo-ovarian abscess .... 3 


Bladder: 

Cystitis 13 

Diverticulum 1 

Carcinoma 1 

Calculus 1 

Prostate: 

Hypertrophy S 

Carcinoma 1 

Thrombosis peri-prostatic plexus . 2 

Kidneys: 

Nephrosclerosis 12 

(Glomerulonephritis, 0) 

Pyelitis lo 

Cortical abscess 1 

Calculi 3 

Renal vein thrombosis ... 1 

Infarctosis 4 

Miscellaneous 3 


One case each of: amyloid, Kim- 
melstcil, hypernephroma. 
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The^ degenerative diseases such as arteriosclerosis, gangrene, 
retinitis, coronary artery occlusion, and cataract, account for tire 
largest percentage of admissions. This perhaps can be partially 
explained by the preponderance of the old age group in the hospital 
admissions; the group above 61 years alone comprising half the 
total admitted. This group also accounted in the main for the malig- 
nant neoplasms, terminal bronchopneumonias, sepsis, uremia, and 
cerebral accidents. 

The well-known frequency of staphylococci infections of the skin 
is borne out by the large number recorded in this series. Yet, on 
the other hand, the incidence of erysipelas was low. The finding of 
tuberculosis was usually incidental, for it was most often inactive. 
Few active cases were observed since the rules of admission pre- 
cluded their entry into the hospital’s general wards. The singular 
frequency of mastoiditis due to the pneumococcus Type III is to be 
noted and a detailed report of this association is forthcoming. 

The low incidence of admissions for upper respiratory infections 
and acute sinusitis is due to the fact that hospitalization was ad- 
vised only in the presence of ketosis. 

Lung abscess seemed to be more common in diabetic than in non- 
diabetic patients in this hospital. 

The expected high incidence of gall bladder disease was observed 
in this group because of the preponderance of females in the middle 
age or elderly group. An unexpected finding was the number of 
patients with peptic ulcer, an incidence more than twice that 
reported by Joslin. 

Hyperthyroidism with true diabetes meliitus comprised the largest 
group of associated endocrine diseases, a finding needing no dis- 
cussion. 

Two conditions not included in this study were arthritis and 
neuritis. The omission was purposeful in view of the variability of 
the diagnostic criteria. 

Table 2 presents the compilation of the principal causes of death 
in this series of patients. Only the most important conditions which 
actually precipitated the death of the patient is reported in this 
table. The outstanding finding is the number of deaths attributed 
to cardio-vascular disturbances, the actual percentage being 4S.1> 
This can be correlated with the fact that 55.4% of patients ad- 
mitted showed clinical evidence of cardio-vascular disease. 

The next important group is the infections which accounted for 
23.3% of the mortalities. This does not include pulmonary infla- 
tions. If the latter be included, the figure rises to fhe 

high mortality is undoubtedly related to the fact that hospitaliza- 
tion is restricted to those infections which can no longer be treated on 
an ambulatory basis. These figures are “weighted” by the high mor- 
talitv rate in lung abscess, lobar imeumoiiia. and sepsis. On the 
other band, infections such as absces.-es including carbuncles, wliteii 



INCIDENCE OF TRICHINOSIS IN NEW YORK CITY 


251 


are amenable to surgery, by virtue of the availability of insulin 
therapy, showed a much lower mortality, namely 8.6%. 

In Table 3 are listed the autopsy findings in 113 patients. These 
are published merely to show the excellent agreement of our findings 
with those previously reported. 

Summary. The data presented show that in spite of the availa- 
bility of insulin therapy, the diabetic still presents the same compli- 
cations as he has in the past. 


THE INCIDENCE OF TRICHINOSIS IN NEW YORK CITY.* 

By Harry Most, M.D., 

INSTRUCTOR IN CLINICAL PATHOLOGY, NEW YORK UNIVERSITY, COLLEGE OF MEDICINE; 

ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

AND 

Milton Helpern, M.D., 

ASSISTANT MEDICAL EXAMINER, NEW YORK CITY; ASSOCIATE VISITING PHYSICIAN, 

BELLEVUE HOSPITAL; ASSISTANT PROFESSOR, FORENSIC MEDICINE, NEW YORK 
UNIVERSITY, COLLEGE OF MEDICINE; ASSISTANT PROFESSOR, CLINICAL 
MEDICINE, CORNELL UNIVERSITY MEDICAL COLLEGE, 

NEW YORK CITY. 

(From the Departments of Medicine [Clinical Pathology] and Forensic Medicine of 

New York University College of Medicine, and the Office of the Chief Medical 
Examiner, New York City.) 

The incidence of human infestation by Trichinella spiralis has 
received widespread publicity in recent years both in lay and scien- 
tific reading matter. The range in the figures reported varies from 
3.5 4 to 36% 2 from various parts of the United States (Ann Arbor, 
Detroit, Cleveland, Louisiana), with a probable average incidence 
of about 17% throughout the country. This latter estimate is 
based on a comprehensive study of over 3000 human diaphragms 
obtained at necropsy from a widespread area of the country and 
reported by the National Institute of Health. 5 In several recent 
papers on the incidence of trichinosis all the previous incidence 
studies are summarized in tabular form. 1 ' 3 

The present study was undertaken in order to discover the inci- 
dence of human infestation with T. spiralis in New York City by 
the use of a combination of digestion, press, and histologic methods 
on autopsy material, and to evaluate the relative efficacy of these 
methods to detect the presence of infestation. 

Material. The muscles taken for study were removed from bodies 
selected at random daily from the large number of cases necropsied by the 
Office of the Chief Medical Examiner in the Borough of Manhattan. These 
necropsies were carried out on cases of homicidal, suicidal and accidental 
deaths, deaths from poisoning, drowning and other types of asphyxia, also 
sudden and unexpected deaths from natural causes. Only bodies of adults 

* Rend before the American Society of Tropical Medicine at its 3Gth Annual 
Meeting in Louisville, Kentucky, November 13, 1940. 
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in a good state of preservation were utilized as a source of material Xo 
attempt to select cases on the basis of age, sex, race, nationality, religion, 
economic status, or diagnosis was made. No known case of trichinosis was 
included m this series. The cases necropsied by the Office of the Chief 
Medical Examiner are a representative sample of the various racial strains 
and the economic levels of the population of New York City. A total of 
100 cases was investigated: 83 males and 17 females; 79 were white, 29 
black The ages varied between 17 and 74 vears, with 30 cases in the 
fourth decade, 25 in the fifth and 39 in the sixth decades. 

Liberal samples of material (approximately 25 gm. from each site) were 
removed from each diaphragm, the intercostal, pectoral and psoas muscles, 
and placed in separate Petri dishes for study by the methods described below. 
Six samples were obtained from each case. 

Methods. 1 . Examination by Press. About 2 gm. of each muscle 
sample from each case were cut into small fragments and examined directly 
in a special press* through a binocular microscope (3.2 and 10x objectives, 
lOx oculars). Each specimen was examined S 3 'stematicallv and if parasites 
were found the number of larva: or cysts recorded. In addition, a piece of 
diaphragm, 2 bj r 2 cm. was stripped of its membranes and examined in 
tolo in the press. 

2. Histologic Examination of Formalin Fixed Tissue. Blocks of muscle 
from each of the samples used for digestion were fixed in 10% formalin 
and embedded in parlodion. Sections were cut 10 mu thick and approxi- 
mately every tenth section was selected for staining with hematoxylin and 
eosin. Five to 10 sections were stained from each of G blocks in each case 
making a total of from 30 to GO sections from the G muscle sites. The 
muscle fibers were sectioned longitudinally and a large area of muscle, 
approximately f inch square, was available for histologic examination. 

3. Digestion. A combined total of 50 gm. of muscle selected from G of 
the sites described, including the diaphragm in all cases, was used for 
digestion. The material was finely chopped or ground and placed in a 
2 liter beaker containing 1000 cc. of digestion fluid (5 G pepsin. 7 cc. hydro- 
chloric acid, Sp. gr. 1.19, 1000 cc. tap water). The mixture is incubated at 
37° C. for IS to 24 hours and stirred frequently. When removed from the 
incubator the beaker is allowed to stand for 15 to 20 minutes. The super- 
natant fluid is carefully drawn off by suction until the fluid level is I .] inches 
from the bottom, leaving about 450 cc. The remaining mixture i.«_ then 
filtered through a single layer of cheese cloth (mesh 20-22) into a 450 cc. 
cylinder, 2 inches in diameter and 12 inches in height. It is allowed to 
settle 30 to 45 minutes and the supernatant liquid drawn off by suction until 
the fluid level is 3 inches from the bottom leaving about 100 cc. in the 
cylinder. The latter is now mixed with warm water which is added until 
the cylinder is full. This washes the sediment and floats particles of fat. 
muscle, and connective tissue to the top. The mixture is allowed to stand 
30 to 45 minutes and the supernatant liquid again carefully removed by 
suction until the fluid level is 3 inches from the bottom, leaving about 
100 cc. in the cylinder. The remaining mixture i~ transferred to two 50 cc. 
conical centrifuge tubes and centrifuged at 1000 R.B.M. for 3 minute*. The 
supernatant fluid is again drawn off by hand using a bulb and pipette, 
leaving 2 cc. of suspended sediment at the bottom of each eentriiu^e tube. 
This entire suspension i- then examined microscopically drop by drop on a 

* Two Urn.** plate*. each 3’ by 3 1 I>v inches with till' renter rut out a* n r.vrie 
2* inches in diameter, countersunk ,*• inrhe* and rert~*ed inch, are u-'d y 

to hold together two pinto-' of pla*-. each 21 inebe* in diameter and ,’ f inch On"*. 
Eiriit set screws inch diameter and ! inch long are filed in one of the plates aro'in • 
the circular cut-out about 1 inch from it* edtre. The other plate is approp-i »’<■ 
driller! to permit the screws to pa** through i* free iy. lio'h plate* and ylv* n'c • ‘ ■ 
and pre-sed together with wins nut'. 
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large slide (1-| by 3 inches) using a mechanical stage and binocular micro- 
scope (3.2 and lOx objectives and lOx oculars). If positive, the number of 
larvae or cysts is recorded. 

Results. In 100 cases studied, there were 22 that were positive 
for trichin® by all methods combined, or an incidence of infestation 
by T. spiralis of 22% in this series of violent and sudden deaths 
in New York City. In the tables below (Tables 1 to 4), the results 
obtained in this study are presented and analyzed. Typical findings 
in a positive case are illustrated in Fig. 1 (A to D). 



Fig. 1. — Findings in n positive case of infestation by TrichineUa , spiralis. 
A, Press preparation, encysted larva showing bipolar calcification, 1G mm. objective. 
R, Digestion, washed sediment. Encysted larva: of T. spiralis, 1G mm. objecthe. 
C, Digestion, washed sediment. Completely freed young living larvae of T. spiralis, 
10 mm. objective. D, Histologic section. Encysted parasite. Focal myositis, 
1G mm. objective. (Hematoxylin and eosin stain.) 


Comments. Press Method. Eight cases of the entire series were 
positive for trichin® by this method or an incidence of only S% if 
this method alone had been employed. These S positive cases ob- 
tained by press represent 36.3% of the entire 22 positives in the 
series. All of the cases positive by press were also positive by diges- 
tion and in addition, 7 of them were positive by the histologic section 
method. Only 1 of the positive press cases was negative by his- 
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Table 1. — Analysis of Positive Cases. 

Digestion, Histologic examination. 

^ i res*. Inrvie per — — . .. . 

No e W V, VZ ' 50 Total Blocks, Slides. Total Mv- 

No. led. Du. Psoas. muscle. sections. pos. pos. parasites, ositis. 


2 0 0 0 

3 0 0 0 

14 0 0 0 

18 0 2 0 

20 0 4 0 

22 2 3 2 

27 0 1 0 

29 0 2 0 

3a 0 0 0 

36 14 78 6 

40 0 0 0 

41 0 0 0 

56 0 0 0 

59 0 6 0 

60 0 0 0 

66 0 0 Q 

68 0 0 0 

71 0 0 0 

77 0 0 0 

80 0 0 0 

93 0 0 0 

97 2 12 0 


0 

50 

1 

I 

52 

0 

6 

35 

0 

3 

50 

1 

13 

39 

3 

143 

30 

3 

16 

36 

0 

25 

50 

3 

14 

40 

1 

7G0 

GO 

6 

7 

26 

0 

2 

26 

0 

2 

36 

0 

03 

35 

1 

6 

35 

0 

7 

32 

0 

31 

31 

o 

1 

24 

0 

6 

30 

0 

9 

3S 

0 

21 

36 

2 

310 

24 

4 


4 4 + 

0 0 + 

0 0 + 

1 2 + 

3 3 

5 12 + 

0 0 + 

10 10 + 

2 2 + 

CO 500 + 

0 0- 

0 0 - 

0 0 + 

3 3 + 

0 0 + 

0 0 - 

3 3 + 

0 0- 

0 0 - 

0 0 + 

6 0 + 

10 12 + 


Table 2.— Compabison of Results by Various Methods, 100 Cases. 

Method. Xo. positive. Per cent. 

Press 8 8 


Digestion 21 21 

Histologic section 11 11 


All methods combined 


22 


22 


Table 3. — Degree of Infestation (Digestion). 

I.a rv.-p per JO gm. No. o[ c.n*cs. 


1-10 





n 

11- 50 . . 



. 


G 

51-100 . . 


, . , 

. 

. 

1 

101 and above 


. . . 

• • 

.... 

3 

Table 4.— Age, 

Sex, 

Color and Cause of Death 
of Trichinella Infestation. 

in 22 Positive Cases 

Cwo No. 


Ape. 

Sex. 

Color. 

Caie-c of death. 

2 


33 

F 

IV 

Fractured skull 

3 . . . 


05 

M 

w 

Fractured skull 

14 . . . 


35 

M 

\v 

Alcoholism 

18 . . . 


50 

M 

V 

Heart di'c n^e 

20 . . . 


4G 

M 

V 

Bullet wound 

oo 


30 

M 

I? 

Heart di*en«e 

27 . . . 


39 

M 

iv 

Alcoholism 

20 


Cl 

M 

IV 

Heart disease 

35 . . . 


42 

M 

B 

Fractured «kull 

30 . . . 


32 

F 

B 

Ruptured nneury*m 

40 ... 


37 

F 

B 

.-UmhoINm 

41 . . . 


°7 

Y 

B 

8 tab wound 

56 . . . 


32 

F 

B 

Cerebral hemorrhage 

,j9 . . . 


59 

M 

IV 

Heart disease 

00 . . . 


42 

M 

\V 

Fractured ?4.uH 

c,r, . . . 


36 

M 

B 

Nitric arid jsu-omne 

GS ... 



M 

IV 

Multiple injuries 

71 . . . 


61 

M 

\r 

Fractured 


42 

M 

IV 

Alcoholism 

50 


30 

M 

B 

Aleoho!i*m 



31 

M 

IV 

fV.-cbra! hcniorrh'*;''* 

97 ... 


,'iS 

M 

IV 

Heart 
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tologic section. Five of the 8 press positives revealed larva only in 
the diaphragms, while in the 3 remaining cases, larva were found 
in the pectoral, psoas, and intercostal muscles as well as in the dia- 
phragms. Apparently, the press method alone cannot be utilized in 
evaluating the degree of infestation, if one compares the results 
obtained by this method with those obtained by digestion. Since 
the press method would probably reveal only about one-third of 
the positive cases in any series studied, it cannot be relied on solely 
in any incidence study. Nevertheless, since press examination is a 
very simple procedure and since the muscle utilized can be sub- 
mitted subsequently to digestion, it is suggested that this method be 
employed routinely in the preliminary examination of biopsy 
material for the diagnosis of trichinosis. It must be appreciated, 
however, that the press examination of the usual small specimen 
removed at biopsy from a single muscle may be negative for trich- 
inae, even though there is strong clinical evidence to support the diag- 
nosis of trichinosis. 

An interesting observation was noted during press examinations 
of several of the positive diaphragms. Occasionally, old, calcified, 
dead trichinae cysts as well as young, viable larvae, were found in the 
same specimen. This would indicate that reinfection in man does 
occur. 

Digestion. Of the 22 positive cases in the entire series 21 were 
positive by digestion. Thus digestion alone would have detected 
95.4% of all the positives in the series and would have yielded an 
incidence of 21 % for the whole study or only 1 % less than the final 
incidence obtained as a result of all the methods combined. 

Ten of the 22 positive cases were detected by digestion alone and 
not by the 2 other methods employed. It is noteworthy that in the 
cases detected by digestion alone there were less than 10 larvae per 
gram of muscle. Apparently digestion is of great value in dis- 
covering light infections, though, to be sure, the percentage of. 
positives would be much less if smaller amounts of tissue were taken 
for digestion. Without digestion, the incidence in this series would 
have been only 12%. The digestion method detected 13 more 
positive cases than did the press method and 10 more than were 
found by the histologic method. 

It seems desirable therefore to include digestion studies in any 
survey which aims to detect the highest possible incidence of trich- 
inosis in postmortem material. The digestion technique can be 
safely employed alone utilizing moderate amounts of diaphragm 
with reasonable certainty that a fairly true estimate of the incidence 
of trichinosis would be revealed in a postmortem survey. 

From the standpoint of laboratory diagnosis of trichinosis on 
biopsy material, digestion should be carried out even though other 
methods are unsuccessful. It has been our experience in many cases 
to find larvre by digestion when press and histologic examinations 
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were negative. Digestion of the small amount of muscle usually 
obtained by biopsy is a very simple procedure and can be carried 
out m any laboratory. The muscle tissue obtained at biopsy 
may be treated in the following manner: A very small sample of 
the biopsj is placed in formalin for histologic study which may reveal 
a suggestive myositis even though the parasites are not found. The 
remainder of the specimen is then examined by press and if this 
examination is negative, by digestion. If one is interested in cor- 
relating the clinical severity of the disease with the number of larva? 
in each gram of muscle, the specimen is weighed and submitted to 
digestion, so that the total number of larva? or cysts in it can be 
counted. 

In the present series only 1 of the positive cases was negative by 
digestion. In this case only 1 parasite was found in the diaphragm 
in 1 out of a total of 50 histologic sections prepared from 0 blocks 
of tissue. 

In several cases showing the severest degree of infestation, 
attempts to demonstrate larvae in the heart muscle were unsuccessful. 

Histologic Method. Approximately 4000 histologic sections were 
examined in this study and in 11 cases parasites were detected. 
Thus only half of the final total of 22% would have been obtained 
had this method alone been used. It is noteworthy that of the 000 
blocks from which 4000 sections were cut in the entire series, only 
4.5% of the blocks and 2.7% of the sections were found to contain 
parasites. Of the 22 eases positive by all methods, only 20% of 
the blocks and 13.4% of the slides were positive and of the 11 posi- 
tive cases discovered histologically, 40% of the blocks and only 25% 
of the sections cut from them were found to contain parasites. 

Histologic examination did detect 4 positive cases which were 
negative by press including 1 which was also negative by digestion. 
The case detected histologically and not by digestion would have 
changed the final total incidence of infestation by only 1 % if it had 
not been discovered. Inspection of Table 1 reveals a serious draw- 
back in the value of the histologic method in that it fails in most 
cases to detect infections which yield less than 10 larva? per 50 gin. 
of muscle by digestion. 

Interstitial focal myositis was noted in most of the positive eases. 
In some sections in which parasites were not found the myositis 
was so intense as to suggest that if more or the next sections had been 
examined, parasites would have been found. Myositis was a ho 
observed in some cases which were negative by all the methods and 
it was absent in several of the milder infections. 

The histologic examinations carried out in this study were time 
consuming and laborious. Only half the positive cases in this series 
were confirmed by this method and in these positive eases parasite.- 
were found in relatively few sections out of the large number exam- 
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ined. The histologic method used alone in any survey is therefore 
unreliable and impractical. The rare positive case which might be 
discovered by histologic examination and missed by press or diges- 
tion, hardly justifies the inclusion of this method with the other 
methods in any postmortem incidence study. 

In the laboratory diagnosis of trichinosis on biopsy material it 
must be emphasized again that unless the infection is very heavy and 
widespread, the likelihood of finding parasites in a few slides from a 
random block of a single muscle is small. Often in a clear-cut 
clinical case of trichinosis the histologic examination of the biopsied 
muscle fails to reveal any parasites, although it may reveal a sug- 
gestive myositis. 

Summary and Conclusions. 1. In a series of 100 bodies of persons 
dying by violence or suddenly from natural causes in New York City, 
studied by a combination of press, digestion and histologic methods, 
there were 22 cases of infestation by T. spiralis, an incidence of 22%. 
This would suggest that the occurrence of human trichinosis in New 
York City is considerable and well beyond clinical appreciation and 
recognition of the disease. 

2. Digestion of large amounts of muscle, preferably the dia- 
phragm, is the most feasible and reliable method to determine the 
incidence of infestation in man and will detect the largest number of 
positive cases in contrast to other methods, especially if the infesta- 
tion is light. 

3. The relative efficacy in detecting positive cases of infestation 
in this series by the methods of digestion, histologic examination 
and press was in the ratio of 21 to 11 to 8, respectively. Without 
the use of the digestion method the incidence determined in this 
series would have been 12%. 

4. In addition to routine histologic examination, muscle obtained 
by biopsy for diagnosis should be studied routinely by press and then 
submitted to digestion to determine the number of larvie per gram 
of muscle. The procedures are simple and can be performed in any 
laboratory. They will reveal more positive cases of infestation than 
the method of histologic examination used alone. Random his- 
tologic sections from a single small block of biopsied muscle will 
frequently be negative despite strong clinical and laboratory evi- 
dence of trichinosis. 

5. Reinfection in man by T. spiralis does occur. 

Wo wish to acknowledge with thanks the technical assistance of Ethyl Green- 
wald Ringer, A.B., and Morris Kolin, B.S. 
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NEGATIVE THERAPEUTIC AND METABOLIC EFFECTS OF 
SYNTHETIC ALPHA-TOCOPHEROL (VITAMIN E) IN 
MUSCULAR DYSTROPHY. 

By Meyer M. Harris, M.D., 

PRINCIPAL RESEARCH INTERNIST, NEW 10RK STATE PSYCHIATRIC INSTITUTE AND 
HOSPITAL, NEW 10RK CITY. 

(From the Department of Internal Medicine, New York State Psychiatric Institute 

and Hospital.) 

In 1922 Evans and Bishop, 4 and later others, reported on the 
existence of a dietary constituent which was essential for normal 
reproduction in the rat. This substance was subsequently known as 
vitamin E. In later work Evans, his eoworkers and others found 
that suckling rats born of mothers which had received a diet low 
in vitamin E developed paralysis of the skeletal musculature and a 
large number soon died. This occurred in spite of the fact that the 
mothers produced adequate amounts of milk for normal growth. 
The pathology of this experimental form of muscular paralysis has 
been reported to be associated with lesions of the nervous system 
by some investigators 3 ' 12 but this has been denied by others. 2 ' 7 ' 3 ' 16 ' 16 
These paralyses could be prevented by the administration of sub- 
stances rich in vitamin E as late as the 15th day of life. 

Subsequent investigators 6 ' s 13 were able to show that alpha- 
tocopherol was effective in curing or preventing the development of 
this experimental form of nutritional muscular dystrophy and more 
recently Knowlton, Hines and Brinkhous 11 reported that synthetic 
alpha-tocopherol acetate was efficacious in the cure and prevention 
of the experimental muscular dystrophy produced by vitamin E 
deficiency. 

Owing to the reports of Bicknell 1 and of Stone 17 on the efficacy of 
vitamin E in the form of wheat germ oil or dried wheat germ in the 
treatment of some cases of muscular dystrophy and of atrophy, this 
study regarding the therapeutic and metabolic effect of synthetic 
f//-alpha-tocopherol acetate* in muscular dystrophy was undertaken. 
Such study was especially indicated because of the possibility, as 
some of the investigators 3 ■" had pointed out, that other essential 
factors besides vitamin E might be present in the crude wheat germ 
oil extract which might be responsible for the therapeutic effect. 

Procedure. A group of 5 cases of progressive muscular dystrophy, 

4 male and 1 female, was chosen for this study, which was made 
entirely in 1940. These cases had been under our observation for 
from 2 to 7 years and the general clinical course of the condition 
was well known in each case. It will be noted from the protocols 
that 2 of the male patients (Cases 1 and 3) had older brothers who 

» S\ nthptir dMlpln-tocophrrol nrpfito u-rd throuchotit tin* "*'idj , it 
kindly 'applied, in pvt. bj HofTmmn L-i-RocIip. Inr 
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also had progressive muscular dystrophy. The female patient 
(Case 4) was of especial interest because her muscular weakness 
became manifest for the first time during a pregnancy. 

The patients were placed on meat-free, low-purine diets for several 
days prior to treatment and total 24-hour specimens of urine were 
collected daily during this fore period. The patients were then per- 
mitted to eat a regular mixed diet and d/-alpha-tocopherol acetate 
was administered orally in increasing doses of from 9 mg. to 200 mg. 
daily for varying periods of from approximately 3 to 6 months as 
indicated in the protocols. At intervals of 1 to 2 weeks during the 
course of treatment and after treatment the patients were put on a 
meat-free diet for 2 consecutive days and total 24-hour specimens 
of urine were collected on these days. The creatinine and creatine 
in each 24-hour specimen of urine was determined quantitatively. 
The Folin method was used as adapted by Kassell 10 for the Pulfrich 
photometer. 

Clinical Histories.— Case 1. J. B., a male, age 9 years, was seen for the 
first time in 1938, at the age of 7, because of peculiar gait and some diffi- 
culty in climbing stairs. His brother also had suffered from progressive 
pseudohypertrophic muscular dystrophy and had been seen by us since 
1933; he died in 1940 at the age of 15 years at which time he was totally 
incapacitated. The patient in 1933 was 18 months old and was reported to 
be walking, and apparently well. The rest of the family history as regards 
grandparents, maternal and paternal aunts and uncles and a sister was 
negative as to relevant illness. 

Plnjsical Examination, On March 9, 1940, before treatment, the patient 
showed involvement of upper and lower extremities. He walked with a 
shuffling and waddling gait and marked lordosis. He could not climb 
stairs. The power for flexion and extension at the elbow joints was weak; 
flexion of thighs on hips was very weak. There was some bilateral weakness 
of the quadriceps femoris muscles; dorsiflexion of both feet was limited 
in extent; plantar flexion was very strong and the calf muscles appeared 
hypertrophied. There were no fibrillary twitchings of the skeletal muscula- 
ture; no sensory disturbances. The knee jerks, biceps and triceps reflexes 
were absent. The ankle jerks were active. The genitalia were some- 
what hypoplastic, the testes being small and soft. The rest of the physical 
examination was negative. 

Alplia-tocopherol Treatment. March 21 to April 6—3 mg. t.i.d.= 9 mg. 
daily. 

April 6 to May 26—6 mg. t.i.d. = 18 mg. daily. 

May 26 to May 31 — 9 mg. 4.i.d. = 36 mg. daily. 

June 1 to Sept. 26—20 mg., 10 mg., and 20 mg. = 50 mg. daily. 

Oct. 5 to Oct. 26—50 mg. 4,i.d. = 200 mg. daily. 

Course. Since April 5, the family was of the opinion that the patient 
had more power in his upper extremities. They stated he could lift some 
heavy toys which he did not do before. Physical examination, however, 
failed to reveal any notable changes. The patient is still under observation 
(March, 1941) with condition essentially unchanged. 

The metabolic changes are seen in Table 1. 

Case 2. — M. Y., male, aged 14, had been under our observation because 
of difficulty in walking since 1933 when he was 3 years, S months old. His 
birth was normal. Ho was a bottle fed infant and did not present any feed- 
ing problem except between 21 and 3} years of age, at which time he had 
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frequent attacks of vomiting. He started to walk at 19 months of age The 
family history was negative for any relevant illness. The patient was an 
only child of a second marriage. Ills father had had 3 children, 1 boy and 
2 girls by the first wife. These children were all well. The patient had 
grown progressively worse during the past 7 years with involvement of 
both upper and lower extremities. 

Physical Examination. The patient was still ambulatory’ at the time of 
the examination just prior to treatment with alpha-tocopherol. There was 
marked weakness in abduction of arms and in flexion and extension of fore- 
arms. The grip of both hands was weak but there was no atrophy of the 
interosseous muscles. The lower extremities showed marked weakness in 
flexion of thighs on hips and in extension of the legs. Dorsiflexion of feet 
was weak while plantar flexion was very good. There was marked lordosis 
of the lumbar spine. The knee jerks, biceps and triceps, tendon reflexes 
could not be elicited. The ankle jerks were present. The patient rose from 
the sitting position with great difficulty. Genitals appeared hypoplastic 
and pubic hair was just making its appearance. 

Alpha-locophcrol Treatment. April 13 to June 1—6 mg. t.i.d. == IS mg. 
daily. 

June 1 to Sept. 7—20 mg., 10 mg. and 20 mg. = 50 mg. daily. 

Sept. 14 to Sept. 2S— 20 mg., 10 mg. and 20 mg. = 50 mg. daily. 

Sept. 2S to Oct. 10— No treatment. 

Oct. 10 to Nov. 2—50 mg. alpha-tocopherol, 4.i.d. = 200 mg. daily. 
Course. The parents of the child were of the opinion that his upper 
extremities were somewhat stronger as a result of the treatment. The 
physical examinations, however, failed to reveal any notable change. The 
patient is still under observation (March, 1941) with condition essentially 
unchanged. 

Case 3. M. T., male, aged 19, was first seen by us in 1933 at the age of 
12. At that time the chief complaint was difficult}’ in walking up the stairs. 
His birth was normal. He was breast fed and as a baby had frequent colds. 
He began to walk at 13 months and appeared well up to 4 years when he 
began to have difficulty in walking up the stairs. His condition grew pro- 
gressively worse and at present, although he is still ambulator}’, he has 
involvement of both upper and lower extremities. 

The family history was of interest in that there are 3 sisters who are well 
and 2 older brothers, 1 of whom, the oldest, was totally incapacitated by 
muscular dystrophy. Tiie rest of the family history was negative for 
relevant illness. _ , 

Physical Examination. Patient had a marked lordosis and a waddling 
gait. He rose from the sitting position with great difficulty. The ability 
to abduct the arms was fairly good, Flexion and extension at the forearms 
was very weak. The grip in the hands was good. There was some weakness 
in the power to flex thighs, the hips, and considerable weakness in extension 
of the legs and dorsiflexion of the feet. Plantar flexion of the feet was very 
good. The calves of the legs appeared hypertrophic. The knee jerks, 
biceps and triceps, tendon reflexes could not be elicited. The ankle jerks 
were active. There were no fibrillary twitchings of the muscles and no 
sensory disturbances. The external genitals appeared hypoplastic. 

Alpha-tocopherol Treatment .— July 6 to Sept. 12—20 mg., 10 mg., 20 mg. — 

50 mg. daily. 

Sept. 12 to Oct. 3-30 mg., 20 mg„ 30 mg., 20 mg. = 100 mg. daily. 

Course. Patient showed neither subjective nor objective improvement. 
He is still under observation (March, 1941) with condition essentia } 


UI Case ! f.' — E. S., male, aged 16, came under our care in 1933 at the age of 10 
because of difficulty in walking. Examination at that time showed appreci- 
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Metabolic Observations. It will be seen from the table that all of 
the cases bad an appreciable creatinuria with rather low preformed 
creatinine excretions. The patient (Case 4) who was most disabled 
had tile lowest preformed creatinine excretion per day. The pre- 
formed creatinine amounted to less than one-third of the "total 
creatinine”* excretion per day. Only 2 of the cases showed a 
tendency to a rise, the other cases showed practically no changes ora 
slight fall in creatinine excretion. The relative creatinuria con- 
tinued to he marked throughout the period of study. 

Tmiu: 1, — Tm: Effect or the Admimstkation or dl-Ai.rii.i-rocopiiEtioi, 


Acetate (Synthetic) os Cm: 

ATKVr.VK 

and Cheating 

: Exchetio.n 

IS 


Casks of Prourewivk Mwccmk Dystrophy. 





Average urinary excretion per day. 

Cft*c 


Daily 

^reformed 

Total 


IVriod of treatment. 

do*e 

creatinine 

creatinine 

Creatine 

No. 

(mg.). 

(gm-l. 

(Km.). 

(gm.). 

1 

Before treatment 

None 

0.22 

0.G2 

0.48 


Mar, 2I-Junc 1 

9-3G 

0.23 

0.02 

0.45 


Juno J-Aup. 27 

50 

0.21 

0.00 

0.44 


Oct. 5-Ocl. 20 

200 

0.20 

0.02 

0.47 


Oct. 27-Dee. M 

None 

0.23 

0.0 S 

0.54 

o 

Before treatment 

None 

0 24 

0.51 

0.3S 


April I3-June 1 

IS 

0.25 

0.G4 

0.45 


Juno 1-Sopt. 7 \ 

Sept. 14-Sept. 2S ; 

50 

0.2S 

0.71 

0.50 


Oct. 10-Nov. 2 

200 

0.20 

0.GG 

0.43 


Nov. 2-Dec. 14 

None 

0.31 

0.72 

0.4S 

3 

Before treatment 

None 

0.3G 

0.7G 

0.46 


July O-Sept. 12 

50 

0.33 

0.G5 

0.38 


Sept. 12-Oct. 4 

100 

0.30 

0.G1 

0.36 


Oct. 4-Nov. SO 

None 

0.2S 

0.54 

0.30 

4 

Before treatment 

None 

0.1G 

0 51 

0.41 


Apr. 11-Junc 5 

IS 

0.10 

0.52 

0.42 


June 5 -Sept. 30 

50 

0.1G 

0.51 

0.41 


Oct. S-Nov. 2 

200 

0.14 

0.4S 

0.39 

5 

Before treatment 

None 

0.5S 

1.04 

0.52 


Mar. lS-June G 

3-1 S 

0.5S 

1.07 

0.54 


June G-July 15 1 

Aug. 1-Sept. 12 / 

50 

0.5S 

1.13 

1.10 

0.65 

0.5G 


Sept. 12-Oct. 2S 

200 

0.G3 


Oct. 2S-Nov. 15 

None 

0.5S ■ 

0.99 

0.46 


Discussion. It might be expected that any marked improvement 
in the skeletal musculature of the patients would be associated 'ft ith a 
rise in the daily creatinine excretion associated with a decrease 
tendency to creatinuria. Furthermore, as was reported in a previous 
publication, 9 the proteins and the amino acids in the diet ma.t 
readily affect the level of the abnormal creatine excretion without 
affecting the creatinine excretion, and this stability of the abnor- 

* Total creatinine represents the sum of the preformed creatinine pins the creatine, 
which is determined as creatinine. 
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mally low creatinine excretion should render it a better guide to 
significant changes in the skeletal muscles, although alleviation of 
creatinuria is also important. It was also pointed out in the afore- 
mentioned report that as the muscular dystrophy progressed the 
creatinine decreased. 9 These clinical findings regarding creatinine 
and creatine metabolism differ from those reported by MacKenzie 
and McCollum 13 for experimental nutritional muscular dystrophy 
in animals. These investigators found that as the animals developed 
muscular dystrophy they also developed a marked creatinuria; 
however, the creatinine excretion remained practically unaltered. 
The first sign of therapeutic response in their animals was a drop in 
creatine excretion without any notable change in creatinine. It is 
possible that this difference in creatinine metabolism between our 
patients and the experimental animals may point to some funda- 
mental difference in pathogenesis. 

As was indicated previously, only 2 of the cases showed a rise in 
creatinine excretion. However, in spite of this small rise, the 
creatinine excretion continued to be abnormally low. The con- 
tinued low creatinine output and marked creatinuria in all the cases 
was in keeping with the lack of any marked change in the physical 
condition of the patients. The slight improvement described by the 
patients is indicated in the protocols. 

The results obtained with d/-alpha-tocopherol acetate as compared 
with those obtained by Bicknell and by Stone in their cases treated 
with wheat germ oil or dried wheat germ and vitamin B complex, 
raise several questions, whether the wheat germ preparations which 
they used contained other essential substances besides vitamin E, 
whether the added vitamin B complex played any role, or whether 
the types of muscular dystrophy which they treated were different 
from ours. No metabolic data are given by these investigators 
which could be used for comparison. 

It is hoped that further study of the same clinical material using a 
therapeutic regimen similar to that of the above investigators may 
help to elucidate this problem. 

Summary and Conclusions. 1. The metabolic and therapeutic 
effects of synthetic (-//-alpha-tocopherol acetate in 5 cases (4 male 
and 1 female) of progressive muscular dystrophy are reported. 

2. Two of the male patients had a familial history of the disease. 

3. The marked therapeutic effects of wheat germ oil reported by 
some investigators were not obtained with the use of synthetic 
vitamin E. 

4. Some differences in creatinine metabolism between experi- 
mental nutritional muscular dystrophy in animals and muscular 
dystrophy in man are pointed out. 

5. The significance of the findings are discussed and plans for 
further investigations are indicated. 
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ADDISON’S DISEASE; TREATMENT AND PROGNOSIS. 

By II. Phillip Hampton, M.D., 

FELLOW IS MEDICINE, MAYO FOUNDATION, 

AND 

Emvix J. Ivepler, JI.D., 

DIVISION OF MEDICINE, MVYO CLINIC, 

EOClIESTEn, MINS. 

During the past 7 years as various biochemical and physiologic 
discoveries were made, treatment for Addison’s disease has been 
modified periodically. At the Mayo Clinic, for example, from 1933 
to 1935 patients were treated with liberal amounts (10 gm.) of sodium 
chloride and injections of cortical extract that were prepared by 
Kendall. During the latter part of this period sodium citrate 
(5.0 gm.) was administered in conjunction with the sodium chloride. 
Cortical extract was used during crises and regularly at other times 
by those patients (the majority) who could not get along without it. 

In 1935 a diet that was low in potassium was added as an adjunct 
to the therapeutic measures previously employed. 9 After this change 
had been made it was found that some patients required the use of 
cortical extract every day; some, only during periods of stress; and 
others, not at all. It was our clinical impression that patients 
sustained on this regimen needed less cortical extract, had fewer 
crises and were more able to carry on normal activities than those 
whose diet was unrestricted. The low potassium diet, however, 
required careful preparation and was limited in variety of foods. 

In 1939, desoxycorticosterone acetate was made available for 
clinical use. A series of steroid compounds were isolated almost 
simultaneously from the adrenal cortex by Kendall and his associ- 
ates 1 - 2 - 3 and by Reichstein; 4 shortly thereafter Steiger and Reich- 
stein 6 synthesized desoxycorticosterone acetate. The powerful 
effects of this compound on the excretion of sodium, potassium, 
chloride and urea were appreciated promptly by Thorn, 7 who first 
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applied it clinically in the treatment of Addison’s disease. Subse- 
quently it was used at the Mayo Clinic and elsewhere. 

In the evaluation of the results obtained in the treatment of 
Addison’s disease it is important to bear in mind that prior to the 
advent of modern substitutional therapy the prognosis was exceed- 
ingly grave. Although in very exceptional instances untreated 
patients and patients treated by measures that would now be re- 
garded as ineffectual lived for as long as 10 years after the onset of 
symptoms, comparatively few were alive 5 years after the onset of 
symptoms. It is equally important to remember that treatment for 
chronic adrenal insufficiency does not cure or arrest tuberculosis and 
that, even if perfect replacement therapy were available, early death 
from tuberculosis would occur in an appreciable number of instances. 
Finally, the prognosis in individual cases of Addison’s disease in 
which the etiologic factor is tuberculosis is unquestionably influenced 
by the amount of adrenal tissue that has not been destroyed by the 
tuberculous process. There is no available method at the present 
time by which the amount of this remnant of healthy cortical tissue 
can be determined. To make matters more complicated, there is 
reason to believe that in recent years there have occurred a decrease 
in the incidence of tuberculosis and an increase in incidence of 
atrophy as the cause of Addison’s disease. If such is the case, the 
influence on prognosis can only be conjectured. It is evident, there- 
fore, that a mere statistical analysis of survival is unlikely to give a 
picture that is free from distortion. 

In 1938, Rynearson, Snell and Hausner 5 presented data on 43 
cases of Addison’s disease in which the patients were examined at 
the Mayo Clinic between October, 1933, and July, 1937. We wish 
to present data on 67 additional cases in which the patients were 
seen between July 1, 1937, and December 31, 1940, inclusive, to- 
gether with an analysis of therapeutic results that were obtained in 
both groups. 

Of these 110 cases there was evidence of tuberculosis (either active 
or arrested) involving the lungs, bones, kidneys, genitals or cervical 
lymph nodes in 37 (34%). It is probably safe to assume that 
atrophy was the etiologic factor in the majority of the remaining 
73 cases. Among the entire group of 110 cases, associated disease 
that might have influenced mortality* and degree of morbidity 
was present in 41 cases. These associated diseases included cal- 
careous aortic stenosis, latent syphilis, duodenal ulcer, unexplained 
fevers, rheumatic endocarditis, migraine, hypertension, f renal 
calculi and agitated depression. 

* A curiously liiph incidence of disorders of the thyroid was encountered in addi- 
tion to the usual cases of low basal metabolic rate. Four patients had had thy- 
roidectomy performed several years prior to the onset of Addison's disease because 
of toxic goiter. Three additional patients were found to have adenomatous poiters 
without hyperthyroidism nnd 2, diffuse colloid poiters. 

t This case is of interest because of the fact that hypertension persi-ted in spite 
of Addison’s disease, even tliouph the patient was not treated with desoxycortico- 
sterone acetate. At necropsy, the adrenal glands were found to be atrophic. 
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Fortunately for the purpose of this study there w ere 19 patients* 
who refused to adhere to the low potassium diet after they left the 
hospital. These patients, however, did continue to take sodium 
chloride, sodium citrate and varying amounts of cortical extract. 
They, therefore, comprise a fairly satisfactory control group which 
one may compare w ith the group of patients who did adhere to the 
low potassium diet. 

Table 1 shows the difference between the control group and the 
group treated with the low potassium diet. Among the latter, 88% 
lived more than 1 year and 40% li\ed more than 4 \ ears after 
beginning treatment. Of the control group, only 53% li\ed more 
than 1 year, and only 18% were alive at the end of 4 years. The 
difference in survival is even more striking if it is calculated from the 
date of onset of symptoms; how ever, this method of calculation is 
open to the objection that the exact time of onset of symptoms 
usually cannot be determined. 


Table 1 — Surma al Rates Comparison or Patients Receimng Low Potas- 
sium Diet With a Control t 

Lou potaximm diet Control group 


Period 

Patients 

Lned be\ond 
indicated period 

Patients 

Lned bej ond 
indicated period 

jears 

traced X 

No 

Per cent 

traced X 

No 

Per cent 

i 

50 

44 

ss 

19 

10 

53 

2 

34 

23 

OS 

18 

4 

22 

3 

25 

10 

04 

13 

3 

23 

4 

10 

4 

40 

11 

2 
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The mean length of life of those w ho died after the diagnosis had 
been made at the clinic was 2 years in the group which w T as treated 
with the low T potassium diet; of those w'hose diet w'as not restricted, 
1 year. Calculated from the onset of sj mptoms the mean duration 
of the disease among those w r ho died in the former group w r as 3.6 
3 ears and in the latter, 2.2 } ears. 

Of the 23 patients who died w'hile being treated with the low 
potassium diet, 11 died in crisis. In the remaining 12 cases, death 
occurred because of an associated complication W'hich in some 
instances probably w'ould not have proved fatal if the patient had 
not also had Addison’s disease. Among these complications were 
acute appendicitis, quinsy, unexplained fever and active tuber- 
culosis One patient died after flagranti}' neglecting his diet. 

* Eight additional patients were excluded from the control group because of set ere 
complicating disease such as adt anced tuberculosis 

t The controls followed the same treatment as the patients on low potassium 
diets except for restriction of the intake of potassium This treatment included an 
adequate supply of sodium chloride and sodium bicarbonate together with dailj or 
periodic injections of adrenocortical extract 

+ Inquiry as of July 1, 1940 The 1-year group comprises patients seen at the 
Clinic whose condition was diagnosed as Addison’s disease 1 or more years prior to 
the time of inquiry, that is, patients seen June 30, 1939, or earlier, the 2-jear group 
comprises patients seen as of June 30, 193S, or earlier, and so forth 
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A woman, after adhering rigidly to her diet for several months, died 
dramatically within 6 hours after a dietary debauch. Two patients 
discontinued the diet and were treated with desoxvcorticosterone 
acetate elsewhere. One of these was treated by the subcutaneous 
implantation of a very large amount of desoxycorticosterone acetate. 
At necropsy a few days later hydrothorax, ascites, hydroperi- 
cardium and edema were present. In the other, hypertension 
occurred before death. 

We know of 18 patients who are still being sustained by the low 
potassium diet, sodium chloride and sodium citrate. Only 3 of these 
patients require cortical extract regularly; the remainder use it 
during periods of stress such as respiratory infections and other 
intercurrent illnesses. Of these 18 patients, 8 are able to work at 
their regular occupations the entire year, 2 are able to work except 
during very hot weather, 7 are working part time, and 1 is unable to 
work at all. 

Fourteen patients who had been maintained on the low potassium 
diet were treated subsequently with daily hypodermic injections of 
desoxycorticosterone acetate. At the same time the low potassium 
diet was discontinued. Following the change in treatment the 
health of these patients improved so that at present all but 2 of them 
are able to carry on normal activities. 

Nine patients were treated with a low potassium diet, high intake 
of sodmm salts, and desoxycorticosterone acetate. This method of 
therapy did not produce good results. Only 1 patient remained well. 
Two others contracted diarrhea and other symptoms which were 
interpreted by them as suggestive of impending crisis. These 
symptoms disappeared in 1 after discontinuance of the desoxy- 
corticosterone acetate and in the other after discontinuance of the 
low potassium diet. 

Five of the 6 other patients treated with desoxycorticosterone 
acetate while receiving a low potassium diet died within 2 months 
after beginning this type of treatment. Another died 6 months after 
treatment was instituted. All of these deaths, it is important to 
emphasize, occurred during the summer of 1939 when the danger of 
the concurrent use of a low potassium diet, a high sodium intake 
and desoxycorticosterone acetate was still unknown. 

The terminal illnesses of these 6 patients are of considerable im- 
portance, as they illustrate not only the dangers of a high sodium, 
low potassium intake when used in conjunction with desoxycorti- 
costerone acetate but also the dangers of this substance itself and 
its limitations as complete replacement therapy. 

Case Reports. One of the patients, a woman aged 39. became edematous 
while taking a low potassium diet, 10 gm. of sodium chloride, o gm. of podium 
citrate and 5 mg. of desoxycorticosterone acetate daily. With the onset of 
edema the intake of sodium chloride was reduced to G gm. daily and the low 
potassium diet was discontinued. Nevertheless the edema persisted and the 
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blood pressure increased to ICO mm. of mercury systolic and 110 diastolic 
Pulmonary edema and dilatation of the heart followed. Death occurred 
suddenly. 

The blood pressure of another patient, a man, rose to 1G0 mm. of mercury 
systolic and 100 diastolic while he was taking only 2.5 mg. of desoxycortico- 
sterone acetate and G gm. of sodium chloride daily. General malaise and 
tightness of the chest were terminal complaints. Death occurred at home. 
There is no information regarding edema. 

The third patient, a woman, died at home 2 months after the onset of 
treatment. She was taking 10 gm. of sodium chloride, 5 gm. of sodium 
citrate and 5 mg. of desoxycorticosterone acetate daily. Her attending 
physician reported that cyanosis, coma, convulsions and hypertension 
(1G0/?) were terminal symptoms. 

The fourth patient, a woman, felt well for some time after implantation 
of 3GS mg. of desoxycorticosterone acetate. She took in addition 6 gm. of 
sodium chloride. The diet contained only 3 gm. of potassium. After the 
onset of tonsillitis death occurred within 3 days. There was not any 
terminal edema or hypertension. 

The fifth patient was an emaciated woman who had been getting along 
on a low potassium diet. She was admitted to the hospital because of 
nausea, weakness and symptoms of crisis. These symptoms may have been 
precipitated by the very hot, humid weather which prevailed at that time. 
Treatment consisted of intravenous injections of sodium chloride and 
sodium citrate, 40 to SO cc. of cortical extract and 10 mg. of desoxycorti- 
costerone acetate daily. Death occurred 3 days after the onset of treatment. 
Hyperpyrexia and hypotension were terminal symptoms. At necropsy the 
significant findings were bilateral adrenal atrophy, hydrothorax and cardiac 
dilatation. 

The therapeutic program in the sixth case consisted of a low potassium 
diet, 5 gm. of sodium chloride, 2.5 gm. of sodium citrate and 5 mg. of 
desoxycorticosterone acetate daily. Six months after the onset of this 
regimen the patient, a woman, suddenly died during sleep. There were no 
premonitory symptoms. 

It became apparent from these unfortunate experiences that 
either we were not using desoxycorticosterone acetate to the best 
advantage or that the substance itself constituted inadequate 
replacement therapy. The findings at necropsy in 2 cases suggested 
congestive heart failure as the cause of death. Both clinical and 
chemical evidence indicated that excessive sodium and water were 
being retained and it appeared probable that the low potassium 
diet and the high intake of sodium salts were partially responsible 
for this retention. This suggestion was further strengthened by the 
studies of Tooke, Power and Kepler. 8 They showed that the patient 
who has Addison’s disease has a normal response to salt deprivation 
and excess intake of potassium when treated with desoxycortico- 
sterone acetate. This work indicated that the low potassium diet 
is at least superfluous if not dangerous. 

The available evidence, therefore, suggested that the fault lay 
not with desoxycorticosterone acetate itself but with the manner in 
which it was being used. Treatment consequently was modified so 
that each patient who was given desoxycorticosterone acetate was 
also given a diet that contained an amount of potassium which was 
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equal to that in an average diet. The administration of sodium 
citrate was discontinued. Such a diet also permitted the intake of an 
adequate amount of protein and in addition eliminated the necessity 
of vitamin supplements. 

Thirty-two patients having Addison’s disease have been treated 
since these changes were made (Table 2). As has been mentioned 
previously, 14 of these patients had been treated with the low potas- 
sium, high sodium regimen. Thus far only one fatality has occurred. 
In this case the patient had a prolonged fever and a high sedimentation 
rate, possibly as the result of tuberculosis. Two of the patients who 
were getting along very poorly with desoxycorticosterone acetate 
and the low potassium, high sodium intake have been well since 
changing their diet. One of these patients has received implantations 
of pellets of desoxycorticosterone acetate on two occasions. 


Table 2. — Condition of Patients Treated With Desoxycobticostehone 

ACETATE AND AN UNRESTRICTED DlET,* 

Patients. 


Dead 1 

Able to be up and about but unable to work 5 

Able to work most of the time 10 

Able to work full time 10 


Total 32 

* It is impossible at this time to compare this group as to survival rate, for none 
of these patients has received desoxycorticosterone acetate therapy longer than 
20 months. 

Sixteen of the 31 patients that are now being treated with desoxy- 
corticosterone acetate are able to work every day and state that 
they feel well, 10 are able to work most of the time, and 5 are able to 
work occasionally. All the patients are instructed to take from 2 to 
5 gm. of table salt daily. The daily dose of desoxycorticosterone 
acetate varies from 2 to 5 mg. and is taken hypodermically. The 
preparation is dispensed in sesame oil. The patients are urged to eat 
liberally and are advised to eat before retiring because of the possible 
danger of hypoglycemia. If the patient is unable to eat and the daily 
intake of potassium therefore falls below 4 to 5 gm., supplementary 
potassium in the form of potassium chloride tablets may be taken. 

We still believe that the treatment of choice for Addisonian crisis 
is the administration of large amounts of cortical extract and intra- 
venous injections of solution of sodium chloride to which sodium 
citrate is added. This form of treatment has the great advantage of 
producing effects promptly. After the crisis has been treated suc- 
cessfully, the administration of desoxycorticosterone acetate can be 
instituted. During periods of infection, cortical extract may be used 
in conjunction with desoxycorticosterone acetate. Whether such 
supplementary treatment is either necessary or advisable is a matter 
which we have to determine. The assumption underlying such a 
supplementary use of cortical extract is based on experimental evi- 
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dence which indicates that the administration of desoxycortico- 
sterone acetate does not constitute complete replacement therapy. 
The usual cortical extract is comparatively weak in its capacity to 
cause retention of sodium and water and therefore can be given with 
comparative safety. If for any reason (usually economic) the 
patient cannot be treated with desoxycorticosterone acetate, treat- 
ment with the low potassium diet and a high intake of sodium salts 
is of value and remains the cheapest form of therapy. 

In conclusion, we wish to emphasize the fact that desoxycortico- 
sterone acetate, like insulin, is a two-edged weapon. It is a highly 
potent compound with the capacity of doing irrevocable damage 
when used indiscriminately. This dangerous potentiality is further 
increased if either the intake of sodium salts is too high or the intake 
of potassium too low. Here again the analogy to the relationship 
between the intake of carbohydrate and the dosage of insulin is 
apropos. The appearance of edema, rising blood pressure to hyper- 
tensive levels and evidence of a mounting venous pressure are 
danger signals which should warn the clinician to reduce the dose of 
both sodium chloride and desoxycorticosterone acetate. Finally, 
it should be remembered that the patient, when first treated with 
desoxycorticosterone acetate, is in a physiologic state that is entirely 
different from what it will be several weeks later after the disease 
has been controlled adequately. At first there is a marked deficit 
of sodium chloride in the tissues. Later the store of sodium salts 
and water has been replenished and in these respects at least the 
patient is in a physiologic state that approaches normal. Wien this 
approach to normalcy occurs the dose of desoxycorticosterone acetate 
should be reduced. If it is not reduced, the combined effects of a 
mounting blood pressure, a rising blood volume, a rising venous 
pressure and a weakened myocardium may vitiate an otherwise 
brilliant therapeutic result. * 

Summary. Good results have been obtained in the treatment of 
patients who have Addison’s disease by the use of desoxycortico- 
sterone acetate and an unrestricted diet. If the patient cannot be 
treated with desoxycorticosterone acetate, treatment with a low 
potassium diet and a high intake of sodium salts is of value. How- 
ever, the two types of treatment should not be combined. The 

* Large doses of desoxycorticosterone acetate can be given to normal persons for 
short periods. Studies of the chemical composition of the blood will demonstrate the 
fact that retention of sodium and excretion of potassium have occurred. The healthy 
myocardium will tolerate these changes with impunity for a longer period than will 
the damaged myocardium. On the other hand, the patient who has Addison’s dis- 
ease does not have a normal myocardium. Furthermore, there is some experimental 
evidence that desoxycorticosterone acetate has much less effect on restoring muscle 
efficiency than it has in storing of salt and water. Under such circumstances, 
therefore, it is not surprising that rapidly progressive congestive heart failure with 
sudden death should occur. Such sudden deaths have often been attributed to 
hypoglycemia, but the available evidence in our opinion favors the view that in this 
instance, as in most others, sudden death implies failure of the heart. 
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treatment of choice for Addisonian crisis is the administration of 
large amounts of cortical extract and intravenous injections of 
solution of sodium chloride and sodium citrate. 
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Bihd Malaria. Bv Redginal Heivitt, Sc.D., Department of Protozo- 
ology, School of Hygiene and Public Health, The Johns Hopkins Uni- 
versity. (The American Journal of Hygiene Monographic Series, No. In, 
July, 1940.) Supported by the De Lamar Fund of The Johns Hopkins 
University. Pp. 22S; 33 illustrations nnd 13 plates (1 in color). Balti- 
more: The Johns Hopkins Press, 1940. Price, SI. 10. 

Few groups .of parasites have been so extensively studied as have the 
plasmodia of birds; and the greater part of this work has occurred during 
the last 15 years. Whether or not results justify the effort is not the con- 
cern of this review. The various species of parasites of the genus Plasmod- 
ium that occur in birds are easily and conveniently studied in canaries and 
other avian forms that are adaptable to laboratory work. Certainly much 
has been learned and much remains to be learned of malaria in man. These 
parasites of birds have been and should continue to be convenient research 
tools in attaining a more complete understanding of the disease as it affects 
man. And to have the scattered publications on this subject collected and 
their contents analyzed and interrelated should be immensely helpful. 
The chapter headings indicate the contents: I. The Discovery and Early 
History of Bird Malaria; II. Geographical Distribution, Incidence and Host 
Records; III. Experimental Hosts and Methods; IV. Species of Bird 
Malaria Parasites; V. Characteristics of Laboratory Infections; VI. 
Symptomatology' and Pathology'; VII. Immune Reactions; VIII. The 
Effects of Drugs and Chemicals on Infections; IX. The Sexual Cycle and 
Mosquito Transmission; X. Exo-erythrocytic Stages Associated with the 
Life Cycle; XI. Problems for Investigation. 

On the whole, the treatment of the subject seems adequate, and, although 
it is poorly written and repetitious passages occur, workers in this field will 
be indebted to Dr. Hewitt for this work. H. R. 


Handbook of An/esthetics (Formerly Ross and Fairlie). Revised by 

R. J. Minnitt, Trinity' College, Cambridge, M.D. (Liverpool), D.A. 

(R.C.P. and S. Eng.), Lecturer in Anaesthesia, University' of Liverpool; 

Director of Anaesthetics, David Lewis Northern Hospital, Liverpool, etc. 

With Chapters on Local and Spinal Anaesthesia by' W. Quarry Wood, 

M.D., Ch.M., F.R.C.S.E., Surgeon, Edinburgh Roy'al Infirmary'. Pp. 

364; 102 illustrations. Fifth Edition. Baltimore: The Williams & 

Wilkins Company, 1940. Price, S4.00. 

The value of a handbook of anesthetics would appear questionable in 
this country' where anesthesia is chiefly' given by' nurse anesthetists, who 
would not understand the text, or by' trained phy'sicians for whom it is too 
elemental. This may' be too handsome a compliment for the new speciality 
of Anesthesiology', but there is no doubt of the aim of those interested m 
furthering physician-anesthetists. 

Minnitt expresses his hesitancy' in rewriting the Handbook completely' at 
first, preferring to wait for enough time to elapse since the passing of his 
predecessor to make the task less delicate. One hopes he Mil persevere 
with his intention to '“build a more thorough account of recent research in 
future editions.” 
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To American anesthetists the book will be of interest because of detailed 
descriptions of equipment for administration of inhalation agents. The 
chapters on local and spinal anesthesia are sketchy, and there is even less 
on intravenous anesthesia. 

The principles of anesthesia as expressed in the little volume are sound 
and are obviously those of an individual with wide experience in nitrous 
oxide, ether and chloroform anesthesia. Its value on this side of the 
Atlantic lies, therefore, in presenting to this country some of the ideas of 
English anesthetists — a function not without merit especialty on the tech- 
nical side. R. D. 


The Pharmacological Basts of Therapeutics. A Textbook of Pharma- 
cology, Toxicology and Therapeutics for Physicians and Medical Stu- 
dents. By Louis Goodman, M.A., M.D., Assistant Professor of Pharma- 
cology and Toxicology, Yale University School of Medicine, and Alfred 
Gilman, Ph.D., Assistant Professor of Pharmacology and Toxicology, 
Yale University School of Medicine. Pp. 1383; 126 figures and 67 
tables. New York: The Macmillan Company, 1941. Price, $12.50. 
This is by far the most important book on Pharmacology and Thera- 
peutics that has appeared in many years. It is not merely a “re-write” 
of other texts, but an entirely new book written in a style that should make 
it interesting to medical students and clinicians alike. It contains a num- 
ber of appealing features: an excellent historical section prefacing each 
chapter, doses that are not merely tabulated but discussed in detail in rela- 
tion to clinical conditions, a good chapter on prescription writing, and at 
last a really complete index. 

While great stress is laid upon practical considerations of therapeutics, 
theoretical aspects are discussed better than in any other standard text. 
This applies particularly to the section on the autonomic nervous system 
and its relation to drug actions. Other features meriting special praise are 
the chapters on the chemotherapy of syphilis, on the sulfonamides (100 
pages), on digitalis, and on anesthetics. While the criticism may be made 
that the book is too long for student use, yet this Reviewer feels that it is 
certainly the finest Pharmacology book in the English language. 


America Organizes Medicine. By Michael M. Davis, Chairman, Com- 
mittee on Research in Medical Economics. Pp. 355. New York: Har- 
per & Brothers, 1941. Price, $3.00. 

There is a widespread conviction in this country that medical science 
and medical practice are of great service to national life as a means of 
raising the level of health, happiness and efficiency, and that this service 
is at present not as available as it should be to all the people. Although 
the expectations of medicine are often exaggerated by the public, it is clear 
to everyone that methods should be devised for a better distribution of 
medical care without lowering its quality. 

There are many problems involved in devising such methods that will 
be acceptable to both the medical profession and to the public. These 
problems have been given years of study by the author of “America Organ- 
izes Medicine.” The results of his study are now fully* presented in a book 
impressive for its thoroughness, soundness and well-balanced discussion. 

The subject of the organization of medicine is treated in three parts: 
The first part, “The Changing Shape of Things.” deals with various prob- 
lems of medical practice emerging from social and economic changes caused 
largely by the rapid expansion of medical knowledge, the inevitable develop- 
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nient of medical specialism and the demands of the public for an extension 
of medical care. 

Tiie second part of the book is concerned with the problems that have 
been encountered in efforts to organize medical service and methods of 
paying for it. The third part, "The Emerging Shape of Tilings,” discusses 
the pros and cons of a few principles that seem essential for progress in the 
organization of medical care, and certain well-considered recommendations 
for action in this field arc made. Many questions are raised throughout the 
book for which answers must be sought by the medical profession, by the 
lay public or in many instances by professional and lay collaboration. 

The chapter on Federal Policies and State Legislation is of particular 
value as throwing light on some of the less understood and most widely 
discussed phases of medical organization, which have been the subject of 
prolonged arguments under the titles, "State Medicine” or "Socialized 
Medicine.” 

This book is an important and valuable contribution by an outstanding 
student of medical sociology and should serve to give a better understanding 
of the problems of medical care, of which both the medical profession and 
the public are in need. G. It. 


Diseases Transmitted From Animals to Man. By Thomas G. Hull, 
Ph.D., Director, The Scientific Exhibit, American Medical Association. 
Fourteen Contributors. Pp. 403; 43 illustrations. Second Edition. 
Springfield, 111.: Charles C Thomas, 1941. Price, S5.50. 

For this second edition Dr. Hull has been fortunate in obtaining col- 
laborators who are recognized authorities in their particular fields of veter- 
inary medicine and bacteriology, parasitology, virus diseases and public 
health. The plan of this edition is identical with that of the first. Section I 
(Diseases of Domestic Animals and Birds) contains new chapters on 
Louping 111, Sore Mouth in Sheep, Equine Encephalomyelitis, Rift Valley 
Fever, and Fungous Diseases. In Section II (Rodent Affections) chapters 
on Typhus Fever and Relapsing Fever have been added. Pertinent 
references are appended to each chapter. The text is brief, concise and 
informative. It should continue to hold an important place in the literature 
of public health and preventive medicine. H. R. 


A History of Medicine. By Arturo Castiglioni, M.D., Formerly 
Professor at the University of Padua; Research Associate in the History 
of Medicine at Yale University. Translated from the Italian and Edited 
by E. B. Krumbhaar, M.D., Ph.D., Honorary' President of the American 
Association of the History of Medicine. Pp. 1053; 443 illustrations. 
New York: Alfred A. Knopf, Inc., 1941. Price, S8.50. 

The Krumbhaar translation of Castiglioni’s History' of Medicine repre- 
sents an effective combination of unusual value for the teaching of medical 
history. Castiglioni published the first edition in 1927 in Padua, a Uni- 
versity with a long background of notable scientific achievement. Inevit- 
ably the history, written primarily' for an Italian audience, emphasized 
Italy’s important part in the development of medicine. Some of the most 
brilliant advances had been made by Italians or with opportunities made 
available by Italy, as in the case of Vesalius and Harvey. On the other 
hand, continuing great movements have seldom been the result of the 
effort of any single group. The question of priority in the development ol 
parts of the whole becomes a matter of interpretation. Therefore, a com- 
prehensive treatment by two able historians with quite different training 
and differing point of view is valuable. 
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The English edition based on the second Italian edition of 1936 is not a 
mere translation. Much has been added and minor items in the original, 
chiefly of local interest, have been omitted. The result is a more balanced 
work brought up to date. Even the few years intervening between the 
Italian and English editions, with rapid development in chemotherapy and 
other branches of medicine, have called for certain special additions. 

Both authors were obviously concerned over proper balance in presenting 
the different periods of medical history, a difficult task with the necessity 
of preserving a full account of origins, on the one hand, and giving compar- 
able recognition to the significant achievements of later years, on the other. 
Who did more for the advancement of medical understanding, Celsus or 
Osier, Parts or the Mayos? How difficult it is to give to each his just 
proportion! All modern histories of medicine appear to hurry in the final 
chapters, and this is no exception. Yet as much space is given to the last 
century and a half as to the 2000 years between Hippocrates and Vesalius. 
Krumbhaar has added hundreds of details to the already comprehensive 
treatment of recent advances given by Castiglioni. A simple illustration, 
one of many that might be cited, is the short but accurate account of 
investigation on the vitamins, two pages, concisely written, covering 
accepted knowledge. 

Recent developments in medical education, organization of research and 
publication of new knowledge are excellently treated. The brief section 
entitled “The Study and Practice of Medicine” has unusual importance 
for the student of trends in medical history. The history of medicine is not 
simply a catalog of the past, but a living record, providing clear indications 
for building on past success and clear implications for avoiding previous 
mistakes. 

The style of the translation is fluent and vigorous. The printing is 
excellent. The illustrations have lost something in reduction from the 
larger size in the Italian edition, but are still first class. The general and 
subject bibliographies— considerably enlarged in this English edition— and 
the appended chronological list of universities and medical schools will be 
useful to students, investigators and historians. The longer subject index 
is a distinct improvement. Altogether the book is an important addition 
to American medical and historical literature. E. L. 


The Principles and Practice of Ophthalmic Surgery. By Edmund B. 
Spaeth, M.D., Professor of Ophthalmology in the Graduate School of 
Medicine of the University of Pennsylvania, Philadelphia; Attending 
Surgeon, Wills Hospital, etc. Pp. 886; 451 engravings containing 1149 
figures and 6 colored plates. Second Edition, revised. Philadelphia: 
Lea & Febiger, 1941. Price, 810.00. 

The early appearance of the second volume of this textbook on ophthal- 
mic surgery speaks for the splendid reception it has had. Very little new 
material has been added, but many of the unavoidable errors in the first 
edition have been corrected. It will continue to be a standard reference 
for ophthalmic surgery. F. A. 


Dietetics for the Clinician. By Milton Arlanden Bridges, M.D., 
F.A.C.P., Late Assistant Professor of Clinical Medicine and Lecturer in 
Therapeutics and Nutrition, New York Post-Graduate Medical School 
of Columbia University. Pp. 960. Fourth Edition, thoroughly revised. 
Philadelphia: Lea & Febiger, 1941. Price, 810.00. 

Four editions in S years bear eloquent testimony to the favor with which 
this book has been received by the profession. The work of 23 contributors, 
it is distinguished by excellent balance and arrangement, easy availability 
for quick reference, and its practical point of view. It is highly recom- 
mended to even- physician and student. R. Iv. 
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The Doctor and the Difficult Child. By William Moodie, M.D., 
F.R.C.P., D.P.M., Medical Director, London Child Guidance, Clinic 
and Training Centre. Pp. 214. New York: The Commonwealth Fund, 
1940. Price, S1.50. 

This little volume presents the fundamental principles and methods of 
child guidance for physician and medical student simply and clearly— also 
better than the vast majority of other books on the subject we have yet 
seen. .The author, Medical Director of the London Child Guidance Clinic, 
is obviously a man of experience, sympathy and sound judgment. He 
makes no attempt to systematize the subject or group the well-known prob- 
lems into strained categorical headings. Dr. Moodie opens with a “recog- 
nition of the problem,” follows with a simplified but very useful chapter on 
the stud}' of cases including histories and then proceeds with a section on 
evaluation of syndromes and general methods of treatment. There is then 
a more complete discussion of 18 specific behavior problems and psychoses. 

The book is rather informal but that contributes to its value to the 
average physician. It is not a scientific treatise in the usual sense of the 
word, but is packed with timely, sound advice and common sense solutions 
to routine maladjustments. The Reviewer has been looking for a book 
like this to recommend to medical students and internes. E. T., Jr. 


The Story of Clinical Pulmonary Tuberculosis. By Lawrason 
Brown, M.D., Late Director of Trudeau Sanatorium; Lecturer in Tru- 
deau School of Tuberculosis. Pp. 411; 1 illustration. Baltimore: The 
Williams & Wilkins Company, 1941. Price, §2.75. 

The lectures on the history of tuberculosis given by the author at the 
Trudeau School form the basis for this posthumous collection of essays. 
The development of ideas concerning the diagnosis and treatment of 
phthisis is shown in a series of “visits” with physicians in 1700, 1800 and 
1900. Interest is centered chiefly on physical diagnosis, and the central 
figure of the book is Laennec. The spread of use of auscultation and per- 
cussion through Europe and the United States is traced in detail, and brief 
accounts are given of the development of roentgenologic diagnosis and of 
artificial pneumothorax and surgical collapse therapy. Physicians and 
surgeons especially interested in diseases of the chest as well as those 
interested in medical history will be delighted by this book, but everyone 
who uses the stethoscope, whether he be practitioner or student, will profit 
by acquaintance with this fascinating excursion into the relatively recent 
past. Readers of this journal will find particular interest in the final 
chapter, in which the author lists and discusses the articles on auscultation 
appearing in English and American medical periodicals before 1850. Fore- 
most among these in the number of noteworthy contributions was the 
American Journal of the Medical Sciences. H. I. 


Essentials of Dermatology. By Norman Tobias, M.D., Senior Instruc- 
tor in Derma tology, St. Louis University; Assistant Dermatologist, Tir- 
min Desloge and St. Mary’s Hospitals; Visiting Dermatologist, St. Louis 
City Sanitarium and Isolation Hospital. Pp. 407; 143 illustrations. 
Philadelphia: J. B. Lippincott Company, 1941. Price, §4.75. 

Dr. Tobias has presented a valuable addition to the growing list of 
handbooks of dermatology for the student and general practitioner. In 
spite of the small size of the book, the author has in inimitable style con- 
densed the essentials of dermatology without giving the reader the feeling 
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of reading a series of telegrams. In addition, the illustrations are well 
chosen and for the most part are well reproduced. 

Although intention is expressed of discussing as far as practical each 
disease from the standpoint of internal medicine, the author does not stress 
the need for general physical examination in evaluating a dermatosis, for 
example. One other criticism is the inclusion of many rarities in a book on 
essentials. This is apparently done at the sacrifice of detail in some places, 
such as in the discussion of various diagnostic intradermal tests. It hardly 
seems advisable, moreover, to recommend for the general practitioner any 
arsenical antisyphilitic agent for a patient who has once suffered an arsenical 
dermatitis. (Cf. p. 82, where mapharsen is recommended after such an 
event.) On page 298, the histologic section (Fig. 90) labelled “senile 
keratosis" seems to the Reviewer to be good for seborrheic verruca (sebor- 
rheic keratosis) . 

Among the commendable features of this book are: specific statements 
regarding the general practitioner’s limitations in handling various derma- 
toses— e. g., gold compounds and Roentgen ray in lupus erythematosus ; 
the modern viewpoint in the discussion of most conditions, especially 
eczema and dermatitis ; excellent differential diagnostic tables ; and the list 
of general therapeutic suggestions at the end of the book. 

On the whole, the Reviewer unhesitatingly recommends this book for the 
student and the general practitioner who does not have the facilities nor the 
inclination to consult a larger volume. H. B. 


Hernia. By Alfred H. Iason, B.A., M.D., Consulting Surgeon, Long 
Beach Hospital; Director of Surgery, Brooklyn Hospital for the Aged; 
Surgeon, Manhattan General and Madison-Park Hospitals, etc. Pp. 
1325; 355 illustrations by Alfred Feinberg, Instructor of Medical 
Illustration, Department of Pathology, College of Physicians and 
Surgeons, New York City. Philadelphia: The Blakiston Company, 
1941. Price, $15.00. 

This large volume is presented in three sections: 1, Historical Evolution 
of Hernial Surgery; 2, Technical Aspects; 3, Medico-Legal Aspects. The 
introduction to this volume begins with a blistering attack on operators 
(which the author calls surgeons) and their practices “down to the mid- 
nineteenth century.” He soon develops an evangelical fever in his method 
of presentation. The statements which he makes, while perhaps true, 
are dramatized to the extent of losing much of their effectiveness. Much 
of what is reviewed has nothing to do with hernia;. The descriptions of 
various older operative techniques are interesting and worthwhile from a 
historical viewpoint. 

The statistical data are thoroughly presented, more so than is necessary, 
and the same can be said for many other sections of the book. No other 
volume on this subject presents the various subjects in so detailed a manner. 
■It is in fact a work of reference rather than a monograph which surgeons 
will pick up and read from cover to cover. 

Some of the discussions which are given under the section on treatment 
hardly belong in this volume. The suggestion that Lugol's solution be 
used to prepare thyrotoxic patients for operation for hernia demonstrates a 
lack of the relative importance of two surgical problems. Why status 
lymphaticus, diabetes mellitus, shock, and a large group of hepatic function 
and other tests should be described at length in this volume is not apparent. 
The paragraph on Hepatic Insufficiency on pages 444 and 445 is filled with 
inaccuracies. What possible use calcium chloride can have in hepatic 
insufficiency or acidosis, or even hemorrhage in jaundiced patients, is beyond 
the Reviewer’s knowledge. Bleeding and coagulation times are not nearly 
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so useful ns is the prothrombin time in determining the hemorrhagic ten- 
dency in jaundiced patients. Nor is there the slightest evidence that “It 
is this fat content— among other substances— which protects the tissues 
from injury due to volatile anesthetics.” This section of the book could 
have been eliminated for it not only does not add to the usefulness of the 
volume but detracts from it because of gross inaccuracies. 

The descriptions of the operations and the illustrations are good, but too 
many techniques are described. If this volume were rewritten and con- 
densed to about one-third its present size it might be well received. 

I. It. 


Recent Advances in Endocrinology. By A. T. Cameron, M.A., 
D.Sc. (Edin.), F.I.C., F.R.S.C., Professor of Biochemistry, Faculty of 
Medicine, University of Manitoba; Biochemist, Winnipeg General Hospi- 
tal. Pp. 432; 07 illustrations, including 3 plates. Fourth Edition. Phila- 
delphia: The Blakiston Company, 1940. Price, $5.00. 

In spite of the title, this book is not limited to recent advances but gives 
an extensive survey of the present state of our knowledge in the field of 
endocrinology, dealing not only with recent reports but with fundamentals 
long ago established. Consequently, no special knowledge on the part of 
the reader is presupposed. The word “recent” is often applied to findings 
of 10 to 18 years ago, a period which is relatively old in this field. Probably 
this is accounted for by the wording of the first edition which has not been 
modified in this the fourth edition. 

As the author is a biochemist, the discussion is more critical and authori- 
tative when the chemical aspects of hormones are discussed. A lack of 
first-hand knowledge of morphologic changes is occasionally apparent. 
There seems to be an undue emphasis placed on British and Canadian 
sources, especially in regard to structural changes not generally accepted 
by pathologists. It seems to the Reviewer that this book could be improved 
by omitting mention of some reported findings that have not been substanti- 
ated and that no longer seem to be of interest even as possibilities. 

On the whole, however, the book, contains a fund of facts, systematically 
arranged, and clearly and simply stated, which serves a useful purpose in 
enabling practitioners and students to find readily available references to 
literature in a specialized field of science. I- Z. 


Oral Pathology. A Histological, Roentgenological, and Clinical Study 
of the Diseases of the Teeth, Jaws, and Mouth. By Kurt H. Thoma, 
D.M.D., Professor of Oral Surgery, and Charles A. Brackett Professor 
of Oral Pathology, Harvard Universit 3 r . Pp. 1306; 1370 illustrations, 
including 137 in color. St. Louis: The C. V. Mosby Company, 1941. 
Price, S15.00. 

The author’s well-known previous texts on dental pathology, diagnosis 
and treatment planning are climaxed by his Oral Pathology. This volume 
represents the most recent, extensive and detailed presentation of this sub- 
ject. Those interested in referring to review articles or original source 
material will appreciate the extensive bibliographies included at the end of 
each chapter. , 

The chapters on dental caries, periodontal disease, the nutritional ancl 
endocrine aspects of normal and abnormal dental development afford a 
thorough review of the past work and current opinions in these fields. i«e 
author’s experience and interest in the diseases and tumors of the jaws 
make these chapters the most interesting, authoritative and valuable of 

anj r in the book. . . . , 

Patterned after his Clinical Pathology of the Jaws , the clinical, insto- 
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pathologic, roentgenologic findings and treatment are presented in detail. 
The numerous illustrations, which are one of the features of this text, con- 
tribute materially to a more complete understanding of the disease. The 
clinical appearance, the histologic and roentgenologic findings are illus- 
trated for most of the diseases. Many of the photomicrographs and some 
of the clinical pictures are reproduced in color. 

The common and uncommon diseases of the oral mucosa, lips and tongue 
are also discussed. The organization, completeness and authoritativeness 
of this section, for the most part, is not in keeping with the rest of the 
volume. No mention is made of the pathogenesis of some of the diseases, 
although the etiology is given; in others the pathogenesis is given in detail 
but no mention is made of the etiology. The colored figures (50 in number) 
illustrating this section are for the most part the best the Reviewer has seen. 
They comprise a valuable atlas covering this phase of oral pathology. 

Adequate indexing of such an extensive work is a difficult task, yet a 
necessary feature in a reference text. More extensive cross-indexing 
would be desirable. It required several minutes to locate the text dealing 
with mixed tumors of the parotid gland. The Reviewer had occasion to 
look up syphilitic rhagades. This subject was not indexed. The indicated 
text on congenital syphilis made no reference to this condition or to Iiutch- 
insonian teeth. The latter subject was indexed but no mention was made 
of the other symptoms of congenital syphilis. The text relating to this 
subject is found in four widely separated parts of the book, some without 
representation in the index. Keloids or Mikulicz’s disease are not found 
in the index although a description of the latter disease is included in the 
text. These minor criticisms in no way lessen the reading value of the book, 
but do limit its usefulness as a reference source. 

Thoma’s Oral Pathology would be a valuable addition to any medical or 
dental library. It would be particularly useful to those interested in oral 
pathology or those interested in the clinical manifestation of oral pathosis. 
The publisher is to be complimented on the typography, the general excel- 
lence of the illustrations and the substantial binding. L. B. 


University of California Hospital Formulary and Compendium of 
Useful Information. Pp. 270. Berkeley, Calif.: University of California 
Press. 1941. Price, $2.00. 

In addition to the University of California Formulary with practical 
information on prescription writing, vehicles and mail}'- useful prescriptions, 
this work includes other valuable data such as emergency treatment and 
description of standard procedures in the medical, pediatric, dental, Roent- 
gen ray and laboratory services. The book is well printed on thin paper, 
so that it is compact despite the wealth of material contained. It should 
prove to be a very convenient source of information to medical students, 
internes and practitioners. J. C. 


An Introduction to Medical Science. By William Boyd, M.D., 
M.R.C.P. (Edin.), F.R.C.P. (Lond.), Dipl. Psych., F.R.S. (Canada), 
Professor of Pathology and Bacteriology in the University of Toronto, 
Toronto, etc. Pp. 35S; 124 illustrations. Second Edition, thoroughly 
revised. Philadelphia: Lea & Febiger, 1941. Price, $3.50. 

After 4 years, Dr. Boyd offers a second edition of this useful book. It 
is 42 pages longer and contains 16 more engravings, the changes being made 
“with the object of making the book of greater value to the nurse commenc- 
ing the theoretical side of her training. There is a new historical chapter 
outlining the development of medicine from its early beginnimrs to its mo-t 
recent triumphs. The chapter on bacteriology has been rewritten and 
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greatly amplified, including illustrations of all the common disease-produc- 
ing bacteria New sections have been added on the clinical and labora- 

tory methods used in the detection of disease, the uses of x-rays and radium, 
the vitamins, jaundice, pyelonephritis, purpura, agranulocytic angina, and 
the new wonder-working agents of chemotherapy.” We repeat the views 
intimated in the review of the first edition of this book that it represents 
what an Introduction should he and is not to be confused with meretricious 
short-cut- compends designed merely to help the parrot student “get by r ” 
his exams. We are glad to see retained in the considerably changed 
Preface of this edition the useful aphorism : “A little knowledge is a danger- 
ous thing, but not if you know how little it is.” E. K. 


The Pharmacology of Anesthetic Drugs. A Syllabus for Students and 
Clinicians. By John Adriani, M.D., Instructor in Anesthesia, New 
York University College of Medicine; Assistant Visiting Anesthetist, 
Bellevue Hospital. Pp. SG; illustrated. Second Edition. Springfield, 
111.: Charles C Thomas, 1941. Price, S3.50. 

This small volume contains a great deal of information in outline form 
for those interested in the new field of Anesthesiology. Isolated facts in a 
variety of subjects are made readily available; the presentation is clear and 
there is a lengthy bibliography. 

It is difficult to recommend this syllabus-type of work to one interested 
in reading for its own sake. The book can, however, be recommended to 
those preparing for examinations as well as to those organizing a teaching 
program. * R. D. 


Start Today! Your Guide to Physical Fitness. By C. Ward Cramp- 
ton, M.D., Major, Medical Reserve Corps, United States Army; For- 
merly Director of the Department of Physical Education and Hygiene, 
New York Board of Education, etc. Pp. 224; illustrated. New York: 
A. S. Barnes & Co., 1941. Price, S1.75. 

We agree entirely with the Preface to this book written by Alexis Cairel: 
“Today, more than at any other time of history, we need men who are 
physically and mentally fit. But physical fitness must not he separated 
from mental fitness. In his conception of physical fitness, Dr. Crampton 
includes not only the training of the muscles, but also that of the organs 
and of the mind. He aims at developing the whole individual, as well as 
his motor system, his glands, and his consciousness. Ultimately, man in 
the fullness of his virility. I am happy to recommend this most useful book 
to the men of America.” E. K. 


NEW BOOKS. 

Elimination Diets and the Patient’s Allergies. A Handbook of Allergy. By 
Albert H. Rout;, M.D., Lecturer in Medicine, University of California 
Medical School, San Francisco, Calif.; Consultant in Allergic Diseases, 
Alameda County Hospital, Oakland, Calif. Pp. 264. Philadelphia: 
Lea & Febiger, 1941. Price, S3.00. 

Play for Convalescent Children in Hospitals and at Home. By Anne Marie 
Smith, Staff Instructor, Leaders’ Training School, Community Recrea- 
tion Sendee, Chicago, 111. Pp. 133. New York: A. S. Barnes & Co., 
1941. Price, S1.60. 

Start Today! Your Guide to Physical Fitness. By C. Ward Crampton, 
M.D., Major, Medical Reserve Corps, United States Army; Formerly 
Director of the Department of Physical Education and Hygiene, New 
York Board of Education, etc. Pp. 224; illustrated. New York: A. b. 
Barnes & Co., 1941. Price, $1.75. (Review above.) 
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DISEASES OF COLON AND RECTUM.* 

In this review the subject of proctologic disease has been dealt with 
from a broad point of view. The discussion is confined to the local 
anorectocolonic disease without systemic involvement ; to primary local 
disease with secondary involvement of distant regions, and to local 
disease as an expression of systemic disease. 

Neoplastic Disease. Recently, all phases of polypoid disease of the 
rectum and colon have been extensively studied . 5 ' 25 ' 16 ’ 336 ' 62,78,99 - 133 The 
term polyp as used by most writers refers to single or multiple pedun- 
culated or sessile adenomas. Small islets of hyperplasia of the epithe- 
lium of the rectum and sigmoid are believed to be precursors of polyps. 
The great clinical significance of polypoid disease lies in its frequency 
of progression to malignancy. It is also believed that the polyps en- 
countered in association with chronic ulcerative colitis may undergo 
adenomatous and malignant changes . 25 This is a clear-cut example of 
the transition from inflammatory hyperplasia of the mucosa of the 
bowel to the intermediary adenoma and finally to frank carcinoma. 

The purpose of the treatment is the destruction of the polyps and 
the islets of epithelial hyperplasia by fulguration. This procedure is 
not without risk even in the hands of the expert operators. To prevent 
serious complications, such as perforation or hemorrhage, it is best to 
err on the side of conservatism 129 and to complete the fulguration in 
more than one sitting. Polyps occurring above the reflection of the 
peritoneum should be treated in a hospital; those present below the 
peritoneal reflection may be fulgurated in the office. Polyps of the 
colon situated beyond the safe reach of the sigmoidoscope are best 
removed by a transcolonic procedure . 20,161 

* From the Division of Proctology, Department of Surgery, Ernest K. Tanner, 
Cliief Attending Surgeon, The Brooklyn Hospital, New York. 
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Multiple polyposis or adenomatosis is a heredofamilial, and perhaps 
a congenital, disease which nearly always undergoes malignant changes 
during the first three or four decades of life . 89 - 91 Because of the wide- 
spread involvement of the colon, a colectomy in graded operations is 
indicated. In the absence of malignant changes of the rectum, the 
rectum may be saved in those instances where complete destruction of 
the polyps of the rectum and rectosigmoid by fulguration is possible. 
Following this procedure, an anastomosis of the ileum to the upper 
rectum or the lower sigmoid is made which is subsequently followed by 
a subtotal colectomy. Recurrent polyps of the rectum can easily be 
refulgurated. 

As already inferred, adenocarcinoma of the rectum in many cases 
develops from previously benign polyps and may grow by extension on 
the mucosal surface and by invasion of the wall of the bowel . 41 Then 
the spread occurs into the perirectal fat, and later upwards along the 
superior hemorrhoidal lymphatic pathway . 26 ’ 55 - 58 When the lymphatics 
become blocked, retrograde and lateral spreads occur. The Miles type 
of combined abdominoperineal resection of the rectum with high liga- 
tion and division of the superior hemorrhoidal blood-vessels offers the 
best means for the radical removal of the rectal lesion and the involved 
perirectal tissues, mesentery and the high lying lymph glands . 58 - 74 ’ 107 ,125 
Whenever the neoplasm is near the level of the levator ani muscles, 
these structures should be excised widely because metastases occur 
along these muscles . 56 The perineal excision of the rectum with col- 
ostomy, such as described by Lockhart-Mummery, being a less for- 
midable procedure than the abdominoperineal resection, is reserved for 
the extirpation of low rectal malignancies in patients who constitute 
poor surgical risks because of either advanced age or concomitant disease. 

Surgical diathermy may be used for the treatment of advanced and 
inoperable cases of cancer of the rectum . 135 Surprisingly good results 
are observed in the occasional patient following this form of treatment. 
Fulguration has also been successfully employed for the treatment of 
early papillary adenocarcinoma of the rectum which is not fixed to the 
submucosa and the muscles of the rectal wall. In suitable cases, surgi- 
cal diathermy may be combined advantageously with radium and 
followed by Roentgen irradiation . 134 

For carcinoma of the colon, an ingenious and important procedure of 
temporary double-barrel colostomy with the purpose of isolating, de- 
iunctionalizing and debacterializing the colon distal to the colostomy 
has recently been described by Devine 37 and modified by Ochsner. 
DeBakey and Rothschild . 113 In this defunctionalizing colostomy the 
two ostia are separated widely to prevent fecal contamination of the 
distal stoma and the isolated bowel. Following the successful resection 
of the tumor-bearing' colon and the healing of the anastomosis, the 
continuity of the bowel is reestablished by the use of a specially designed 
colostomy clamp. 

The details of the management and the complications of permanent 
colostomy have recently been described . 40 - 125 

The present-day superior results following colonic and major rectal 
surgery arc largely due to the various operative technical refinements, 
the frequent transfusions of blood, the restoration of the normal bal- 
ance of fluid, electrolytes and protein, and the administration of vita- 
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mins and of other essential substances of which the body may be defi- 
cient or depleted. Sulfanilamide administered preoperativelv and post- 
operathcly (or deposited in the peritoneal cavity at the conclusion of 
the operation) has aided in reducing the incidence of postoperative 
peritonitis. Sulfanilamide apparently exerts a bactericidal effect on 
the Strep, hamhjticus which is frequently isolated from the retroperito- 
neal tissues, the wall of the bowel, or on the mucosal surface of the 
neoplasm , 53 and a bacteriostatic effect on other organisms causing peri- 
tonitis . 90 A more recent study of the effect of sulfanilamide, sulfa- 
pyridine and sulfathiazole on experimentally produced E. coli infections 
in mice showed that sulfathiazole was the most effective of the sulfona- 
mides . 80 On the basis of the results of this study, it was suggested that 
sulfathiazole he employed for the treatment of E. coli infections in man 
as well as for prophylactic purposes following operations upon the colon. 

Diarrheas. A recent important study 79,117 showed that diarrhea may 
occur as a postoperative complication in severely ill patients who have 
been in shock as a result of an operative procedure. This diarrhea is 
often caused hv multiple focal colonic ulcerations which arise on a 
vascular basis. They have been explained by the assumption of a 
vasospasm which occurs as a compensatory vasomotor response in 
shock and have been reproduced by the experimental production of 


vasospasm. 

Bacillary Dysentery. The recognition of acute bacillary dysentery is 
relatively simple. It has however not yet been established how long 
the dysentery organisms may remain active in the host and what per- 
centage of acute cases lapse into chronicity. 13Si: In chronic bacillary 
dysentery and in carriers, the recovery of the specific organisms, espe- 
cially the Flexner bacillus, is difficult because of the intermittency of 
excretion of these organisms . 47 The administration of acidophilus milk 
is said to facilitate the recovery of the late lactose-fermenters of Duval- 
Sonne . 127 The very recently improved culture media, c. g., bacto bile 
salts (Difco), are said to be as specific for dysentery organisms as 


bismuth media are for the typhoid bacillus. 

It is known that healthy individuals who give no history of an 
antecedent bacillary dysentery infection or digestive disturbance may 
harbor B. paradyscnicrix , 15 Apparently factors other than the presence 
of dysentery organisms are essential for the production of clinical 
manifestations of bacillary dysentery infections. It is possible that a 
qualitative E. coli deficiency may be of etiologic importance in bacillary 
dysentery. Utilizing Nissle’s studies of the antagonistic index between 
E. coli and Eberthella typhi, Maner 31 found “ that Escherichia coli iso- 
lated from dysentery stools are invariably deficient in antagonistic 
characters, in all cases the symptoms being associated with a qualita- 
tive Escherichia coli deficiency.” Vitamin deficiencies may be another 
important factor responsible for the clinical manifestations of bacillary 
dysentery. It has been shown that a diet deficient in vitamin A 
and in certain components of vitamin B; complex produces manifesta- 
tions of bacillary dysentery in monkeys that were known to be carriers 
of B. varadyscntcrix, Flexner . 71 . t . p 

. The acute form of bacillary dysentery is self-limited, hence t 
efficacy of any therapy in this disease is difficult to evaluate Pec . 
substances containing pectin and bananas have been used exten 
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si vely . 85,114,146,152,153 Sulfanilamide and its derivatives have been em- 
ployed with encouraging results in experimental animals and in a num- 
ber of clinical cases of bacillary dysentery . 73 Recently, during a 
pharmacologic study of the various sulfanilamide derivatives, Marshall 
ct cd. % encountered several highly antibacterial compounds which are 
water-soluble and yet poorly absorbed from the gastro-intestinal tract, 
making it possible to produce a high concentration of the drug in the 
intestine and a low concentration in the blood and tissues. One of these 
compounds -was designated as sulfanilylguanidine. The application of 
this new principle to bacterial chemotherapy appears to be ideal for the 
treatment of acute bacillary dysentery and other bacterial infections 
that are predominantly or entirely localized in the intestine. 

Transfusions of blood from artificially immunized donors for the 
treatment of chronic bacillary dysentery has been suggested. 138 ^ The 
practical results obtained and the theoretical basis of this method of 
therapy justify the continuation of immunotransfusion therapy. Auto- 
genous vaccines also have a definite place in the therapy of chronic 
bacillary dysentery. 

Chronic Ulcerative Colitis. Little has been advanced to clear up 
the existing confusion regarding the etiologic agent. Howard 670 and 
ICessel 75 question the etiologic role of Bargen’s diplostreptococeus in 
chronic ulcerative colitis. Many investigators believe that a number of 
cases of chronic ulcerative colitis are a form of chronic bacillary dysen- 
tery . 1380 A belief is also current that chronic ulcerative colitis is due to 
a yet unidentified organism (virus?) or to allergy in a certain number of 
cases. 

The evaluation of any form of therapy in this disease is difficult 
because of the natural tendency for remissions and exacerbations. The 
prime object of the present-day medical treatment of chronic ulcerative 
colitis is the restoration of the grave nutritional deficiencies by the 
administration of adequate doses of all vitamins 6,92 and especially of 
vitamins B complex and C, liberal transfusions of blood and frequent 
feedings of bland, nutritious foods with an excess of protein. The rectal 
instillation of cod-liver oil is a useful adjuvant in the treatment of the 
subacute and chronic cases . 9,1316 Although sulfanilamide and its deriva- 
tives have not yet been given a sufficiently extensive trial to permit defi- 
nite conclusions, this form of chemotherapy already shows promise . 14,27 

In extremely ill patients with acute exacerbations of chronic ulcera- 
tive colitis, remissions can frequently be produced by the administration 
of antitoxic II. coli horse serum (YVinkelstein). This form of therapy 
is still in the investigative phase. 

Ileostomy should be performed when adequate medical treatment is 
failing. The mortality from this operation is decreased if intraperito- 
neal exploration and manipulation of the colon is avoided at the time 
of ileostomy . 52 After a lapse of time, when the patient’s general health 
is restored, colectomy in graded operations may be performed . 21 Unless 
severely involved by perirectal suppurations and fistulas and polypoid 
degeneration, it may be possible to preserve the rectum in anticipation 
of a future iieoproctostoiny . 52 

Polyposis, stricture, anal abscess and fistula, and anal fissure are the 
important proctologic complications of chronic ulcerative colitis. Dur- 
ing the active phase of the colonic disease, all anorectal complications 
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should be treated palliatively except for abscesses which should be 
drained. I* istulectomy should be avoided because anal incontinence 
frequently follows this operation. 130 

Amebic Dysentery. Amebic infection is pandemic in the temperate 
zone. The incidence of amebiasis in various parts of the United States 
exceeds 10% or is about 10 times greater than the incidence of active 
tuberculosis. 24 Amebic infestation is generally transmitted by infected 
food handlers. 124 

A comprehensive study of infestation of the colon with Endamcrba 
histolytica and other protozoa and parasites includes a proctosigmoido- 
scopic survey, a microscopic examination of the feces and the scrapings 
from the- inflamed mucosa or the surface of the ulcers. The granuloma- 
tous masses in the rectum should be studied histologically as they may 
either simulate or accompany malignant disease. 22,39 A roentgenogram 
of the colon with the aid of barium sulphate should never be omitted 
because it may demonstrate additional granulomas in other parts of 
the large intestine, especially in the cecum. The complement fixation 
test has not yet attained universal acceptance because of the non-inclu- 
siveness of the results; it is still of adjunctive rather than of primary 
value. 1160 

Recently good results have been reported following the employment 
of a combination of carbarsone administered by mouth and chiniofon 
administered intrarectally as small retention enemata. 100 Intraeolonic 
heat supplied by means of colonic irrigation with 1 to 5000 copper 
sulphate solution at a temperature varying from 45° to 47° C. has also 
been recommended. 36 It should however be realized that the eradica- 
tion of the parasite following anti-amebic therapy does not always 
relieve the digestive complaints in many patients. In the absence of 
amebm, these abdominal symptoms can be controlled by sedatives and 
antispasmodics, although they may recur after non-specific therapy has 
been discontinued. 676,1161 ’ 

The intestinal lesions in amebiasis requiring surgical treatment are: 
appendicitis, perforation with resulting peritonitis, massive hemorrhage, 
amebic granulomas, cicatricial stenosis and pseudopolyposis. The 
extraintestinal lesions include abscess of the liver, pleuropulmonary 
amebiasis, cerebral abscess, cutaneous ulcerations and abscess, abscess 
of the spleen and urogenital involvement. 112 

Mucous Colitis. “ Mucous colitis” is very probably merely an expres- 
sion of or a somatic response to nervous tension, such as anxiety, resent- 
ment and guilt. 147 Since inflammation of the colon is absent in "mucous 
colitis,” this term should be abandoned, especially in view of the fact 
that by long usage the genetive ending “itis” has come to connote 
inflammation. . „ 

The mucosal changes observed during an attack of "mucous colitis 
can to a degree be reproduced either by the topical application of pilo- 
carpine or physostigmine to the colonic mucosa or by the oral admin- 
istration of various drugs of the choline group to normal individuals. 
These drugs exert their effect through the action upon the parasympa- 
thetic fibers of the autonomic nervous system. _ _ , 

The etiologic role of allergy has been established in some cases ot 
“mucous colitis.” This phase of the problem has to date been msufn- 
ciently studied. 
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Diverticulosis and Diverticulitis. Diverticula are usually acquired. 
In many cases the diverticula are of congenital origin which develop 
only in the presence of factors that make for the production of an 
acquired diverticulum (Beer). Asymptomatic diverticula are fre- 
quently encountered during the routine Roentgen raj’’ examination of 
the colon with the aid of barium sulphate or during incidental abdom- 
inal operations; 61 the presence of diverticula is not suspected unless a 
pathologic process sets in. 42 The onset and the early course of diver- 
ticulitis may resemble acute appendicitis. Diverticulitis responds well 
to medical treatment in over 90 % of the cases but requires prolonged 
medical supervision. The complications of diverticulitis consist of per- 
foration with abscess, acute perforation with peritonitis, peritonitis 
without perforation, perforation high in the rectum with consequent 
ischiorectal or ischioanal suppurations, pericolitis with peridiverticu- 
litis and thickening of the bowel wall eventuating in partial or com- 
plete obstruction of the bowel, enterocolic or vesicolic fistulas and 
cancer. These conditions invariably require surgical intervention. 4,166 

There is considerable uncertainty as to what extent diverticulitis is 
incidental or etiologically directly contributory to the rare occurrence 
of cancer in the diverticular pouches. 

Tuberculosis. The presence of viable or virulent tubercle bacilli in 
the terminal bowel in many cases of pulmonary tuberculosis with posi- 
tive sputa causes contamination of the anorectal tissues. 97,98 Hence 
the finding of tubercle bacilli by culture or animal inoculation is not 
significant in the study of the anal lesions in these patients. In con- 
trast, the cultures and animal inoculation are conclusive in the study 
of anorectal lesions of patients with pulmonary tuberculosis who have 
negative sputa. The presence of tuberculosis in the anorectal granula- 
tion tissue on histologic examination is therefore an essential criterion 
for the diagnosis of a tuberculous anal lesion in the cases of active 
pulmonary tuberculosis with a positive sputum. 97 On a single section 
this is only positive in about 50% of the cases, but when run in serial 
section it is at least 75 % positive. 97 In many cases a diagnosis of ano- 
rectal tuberculosis can be made clinically by the characteristic appear- 
ance of the anal lesion. 94 

Anal fistulas and preexisting suppurations occur about 10 times as 
often among the tuberculous as among the non-tuberculous patients; 
these anal lesions are encountered more often in patients with advanced 
than with early pulmonary tuberculosis and are less prevalent in private 
than in ward practice. 94 

The cure of the tuberculous anorectal lesion demands radical surgical 
extirpation and meticulous postoperative care. Healing after operations 
is protracted in the patient with pulmonary tuberculosis who has a 
positive sputum and is but slightly retarded in the patient with negative 
sputum. In either case healing is complete following adequate surgical 
treatment which is augmented by measures aiming to improve the 
general health of the patient. 

_ Venereal Diseases. Venereal Lymphogranuloma. This is a systemic 
disease with localized manifestations in the inguinal region, genital 
tract and the anorectocolonic tube. n,S36 The intestinal lesions consist 
of proctitis, colitis, suppurations, fistulas in ano, rectovaginal fistulas 
and stricture. The rectal strictures may be tubular or diaphragmatic 
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m character. Strictures and other rectal complications occur more 
often in women as a result of the spread of the virus through the direct 
lymphatic communication from the cervix, the posterior vagina and 
the forniecs to the lymph glands in the pelvis anti thence to the para- 
rectal glands, producing perirectal infection and fibrosis. Women with 
primary lesions on the vulva usually develop bubos because these genital 
structures arc drained by the superficial lymphatics to the inguinal 
lymph glands. Inguinal adenitis or bubo is believed to act as a barrier 
to the spread of the virus to the p.elvic and pararectal lymph glands. 
In men, the occurrence of bubos is very common and rectal involvement 
infrequent because most of the lymphatic drainage from the external 
genitalia is predominantly superficial to the inguinal lymph glands. In 
the absence of an antecedent bubo or inguinal adenitis, anorectal com- 
plications in men are the result of the direct spread of the virus from a 
lesion in the posterior urethra to the pararectal lymph glands, or from 
the inguinal nodes through the femora! and inguinal canals into the 
endopelvic fascia and glands. Primary infection and the resulting 
proctitis and stricture may be brought about by anal coitus or by the 
use of contaminated enema tips. 

A positive intracutaneous Frei test usually establishes the diagnosis 
of venereal lymphogranuloma. However, the finding of the virus in 
the bowel discharges or tissues constitutes positive proof that the virus 
is the cause of the intestinal lesions. I15!> 

Sulfanilamide, sulfathiazole, or Frei antigen are effective therapeutic 
agents exerting profound beneficial systemic as well as local effects. 830 ' 9o 
Sulfanilamide and sulfathiazole, because of their universal availability, 
appear to be the drugs of choice. The beneficial systemic effects are 
evidenced by the disappearance of fever and leukocytosis, the rise of 
the hemoglobin values, the reversion of the hyperglobulinemia toward 
the normal level 117 and the restoration of a sense of well-being. Chemo- 
therapy produces a diminution, if not the total disappearance, of the 
perirectal infiltration and the exudate; the raw surfaces heal, and the 
rectal fibrous strictures become more easily dilatable 95 although sul- 
fanilamide and sulfathiazole have no direct influence upon scar tissue. 
Since the institution of chemotherapy, surgical treatment of the ano- 
rectocolonic manifestations of venereal lymphogranuloma has been 
largely limited to incision and drainage of localized perianal and peri- 
rectal suppurations, to the performance of an occasional temporary 
colostomy for acute obstruction and the digital or instrumental dilata- 
tion of the fibrous strictures. 

To obtain the best results and the maximum of safety, especially 
during the intensive phase of treatment, chemotherapy should be insti- 
tuted in a hospital. 95 These patients, like those with other venereal 
diseases, are notoriously unreliable and it is dangerous to entrust 
potent drugs to them without proper daily medical supervision. Early 
toxic symptoms may go unrecognized as they are unpredictable. 

Recently, intrareetal diathermy combined with Frei antigen was 
proposed for the treatment of rectal stricture. 101 _ 

Gonorrhea. In man, anal gonorrhea is usually acquired through 
pederasty. Except for cases of anal intercourse, contamination in gnis 
and women is believed to take place during the act of defecation when 
a simultaneous expulsion of gonoeocci-laden discharge from the vagina 
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and a normal eversion of the anal mucous membrane occurs. Suitable 
biologic conditions for the acquisition and maintenance of gonorrheal 
infection are furnished by the transitional epithelium of the inter- 
mediate zone of the anal canal, the anal ducts and the crypts of Mor- 
gagni. The infection may spread to the deeper perianal and perirectal 
structures through the anal ducts which lead to racemose multiglandular 
structures located in the perianal tissues, and penetrate the sphincter 
muscles, especially the internal sphincter. It is known that gonococci 
may remain alive and virulent for years in the anal structures and that 
reinfection of the genital tract may occur from the anal focus. 

Sulfanilamide, sulfapyridine or sulfathiazole administered orally is 
effective in the treatment of anal gonorrhea in the absence of localized 
suppurations or poorly draining sinuses . 1386 

Chancroid. This lesion is encountered occasionally in the anorectuin 
and is acquired by the direct inoculation of the streptobacillus of Ducrey 
through pederasty, or, in the case of women, through contact with the 
penis during sexual intercourse. The diagnosis can be made fairly 
readily by smear with the aid of the Unna-Pappenheim stain, and by 
the vaccine test which is a specific intracutaneous reaction comparable 
to the Frei test. Sulfanilamide or sulfathiazole are specific for this 
lesion . 30,84 

Syphilis. In the infant, multiple superficial circumanal fissures or 
shallow ulcers are strongly suspicious of congenital syphilis. Infants 
may also have condylomata, teeming with spirochetes, on the circum- 
anal area. 

In the adult, a chancre may occur anywhere in the circumanal area 
but it is usually found in the posterior arc of the anal canal. Recently, 
a chancre occurring in the mucosa of the rectum was reported . 08 The 
chancre may be acquired through the practice of pederasty, and in the 
case of women, inoculation may also occur through contact with the 
penis during sexual intercourse. The diagnosis should be made by 
dark-field examination. A positive test is conclusive, but a negative 
one does not exclude syphilis. Secondary syphilitic lesions comparable 
to the mucous patches in the mouth apparently have not been observed 
in the rectum. Perianal representation of generalized maculopapular 
eruptions as well as multiple superficial circumanal fissures comparable 
to rhagades have been noted. A very characteristic finding is perianal 
condylomata lata which contain numerous spirochetes. 

In late syphilis, gummata, ulcerations and stricture of the rectum 
have been encountered. The character of these lesions may be altered 
by secondary infection. Repeated studies and a therapeutic test may 
be required to establish a definite diagnosis. This especially applies 
to the diagnosis of syphilitic rectal stricture. The occurrence of tabetic 
crises of the anorectuin is rare. Systemic pathognomonic signs of cen- 
tral nervous system syphilis are usually present in addition to local 
manifestations, such as relaxation of the anal sphincters, or saddle- 
shaped perianal anesthesia. 

Accepted antisvphilitic treatment should be instituted immediately 
after the diagnosis is established. In the early eases of anal syphilis 
the continuous system of therapy is recommended although one may 
use massive dose arsenotherapy by the intravenous drip method, the 
so-called o-day cure . 69 In late syphilis, routine continuous therapy is 
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preferable. Loca 1 treatment is directed to tlic secondary contamina- 
tion and infection, if present. 

I invent s In fection. This disease is caused by the symbiosis of fusi- 
form bacilli and Vincent's spirilla;. This lesion has been observed on 
the. perineum or in tire perianal region. Treatment consists of the 
topical application of a paste containing of from 5 % to 10 % of arsphen- 
ainine, neoarsphenaminc ,a, “ or mapharsen. 

Granuloma Inguinale. Tin’s lesion is believed to occur in the anal 
and perianal areas, although recently a rare but apparently proved case 
of granuloma inguinale of the rectosigmoid with constriction and 
ulceration has been reported. 50 This is regarded as a disease of the skin 
and subcutaneous tissues with late or no involvement of lymphatics and 
lymph glands and is probably caused by the so-called Donovan bodies. 
These are most frequently found in the tissues (or secretions) with the 
aid of Dietcrle’s silver stain. The material from the surfaces of ulcers 
may also be studied by smear stained by Wright’s method. 

Tartar emetic administered intravenously or fuadin injected intra- 
muscularly are specific for this lesion. 

Neurologic Investigation of the Colon. An interesting study of the 
reactions of the rectal muscle to distention with air was made by 
Rosenberg and Langworthy. 150 They found contractions of the rectal 
wall in normal persons in response to sudden stretch; these contractions 
vary in different patients and may vary in the same patient under 
different circumstances. In hemiplegia and paraplegia the rectal wall 
is more resistant to distention. In general, these responses were more 
pronounced in patients with bilateral injury of the corticospinal fibers. 
Apparently there occurs a release of tone in the smooth muscle of the 
rectum from the normal control by the cerebral motor cortex. 

Another important study dealing with the neurogenic disturbances 
of the colon is that of White, Verlot and Ehrentheil. 148 They utilized 
the colonmetrogram which is the filling curve obtained by slowly dis- 
tending the colon with warm water; these graphs closely resemble the 
cystometrograms. The reaction of the colon to filling determines the 
character of the muscular tone, the alteration in function of the upper 
or lower motor neuron and whether the effect of a lesion is upon either 
the sensory or the motor portion of the reflex arc. Colonmetry reflects 
the motor activity and the sensation of the colon as a whole; it does 
not indicate circumscribed “disturbances” of the rectum or other 
portions of the colon. 

Lesions of the motor fibers in the brain or in the descending spinal 
tracts (spastic paralysis) produce a hypertonic response to filling, but 
lesions in the sacral segments of the cord, cauda equina, or pelvic 
plexuses (flaccid paralysis) show a hypotonic response (atonic bowel). 
Colonmetry is also of value in the study of neurologic disturbances of 
defecation. _ 

Megacolon. There is as yet no unanimity of opinion as to the 
etiology of congenital megacolon. 35 At present, the preponderance of 
evidence points to an imbalance of stimuli to the colon from the auto- 
nomic sympathetic and parasympathetic nervous system 86 as an impor- 
tant cause of this lesion. There may exist either a hyperactivity ot 
the sympathetic or hypoactivity of the parasympathetic nerves or a 
still undetermined combination of neural influences. 
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Therapeutic management has made rapid strides in recent years. 81 
Daily hot irrigations of normal saline 50 and the employment of para- 
sympathetic drugs are in vogue now. Acetylbetamethylcholine bro- 
mide administered orally (in combination with mineral oil) is quite 
stable in the body and produces prolonged stimulation of the para- 
sympathetic nerves causing increased peristalsis and relaxation of the 
anal sphincters. 86 The restoration of the normal balance of fluids and 
electrolytes and the administration of vitamins and of other essential 
substances of which the body may be deficient or depleted is extremely 
important. 

Surgical treatment is indicated in cases that are not medically 
tractable as well as for the relief of complications. Sympathectomy or 
sympathetic ganglionectomy will abolish the inhibitory stimuli of the 
colon; colonic function will improve and regular evacuations result, 
but the size of the intestinal lumen does not necessarily decrease as 
shown by postoperative Roentgen ray studies with the aid of barium 
sulphate. 13 Spinal anesthesia, by inhibiting the sympathetic stimuli to 
the colon, may cause evacuations of the colon during the duration of the 
anesthesia and infrequently for a variable interval of time thereafter. 

Children below 3 or 4 years of age constitute poor operative risks 
and, incidentally, in them the therapeutic benefits are minimal. 35 
Patients with thin, weak colons as a rule respond poorly to any type of 
sympathectomy ; in these cases ileoproctostomy followed by graded colec- 
tomy is indicated. Segmental colonic resections are useless because 
progressive dilatation proximal to the point of resection occurs too 
frequently. 

The Role of the Colon in Urogenital Disease. There exists a close 
relationship between the intestinal and urinary systems. Pathologic 
activity of the colon, especially of the anorectum, under certain cir- 
cumstances may initiate and perpetuate disease in the urogenital tract. 
The colon in the presence of pathologic activity or deranged function 
may act as a portal of entry for enteric organisms into the blood and 
lymph streams; in rare cases a diseased colon may act as a serious focus 
of infection. 138 " 

Apparently the lymphatics constitute an important route for the 
dissemination of infection from the anorectocolonic foci. There exists 
a communication between the lymphatics of the anorectum and the 
urinary bladder 121 as well as between the anorectum and the upper 
urinary tract. 126 Long ago the existence of a direct lymphatic communi- 
cation between the right colon and the right kidney was described; it 
is believed that a similar lymphatic route may exist on the left side. 

Uroinfection caused by B. paradyscntcrix and allied species have 
been described. It is believed that uroinfection caused by these 
enteric organisms may either follow or accompany bacillary dysentery, 
or occur in patients who present neither a history nor clinical evidence 
of intestinal bacillary dysentery. Apparently B. paradyscntcrix and 
the allied species causing uroinfection originate in the colon notwith- 
standing the fact that bacillary dysentery has been regarded as a local- 
ized intestinal disease . 38 • 111 “ - b 

I roinfeetion caused by the organisms of the colon bacillus group 
occurs frequently in patients who have associated colonic disease or 
dysfunction. In such patients, Peretz and his associates, by studying 
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tlie different antagonistic colon bacillus indexes, found a definite quali- 
tative relationship between the colon bacilli recovered from the urine 
and the feces. It was concluded that there exists a definite relationship 
between infection in the urinary tract and the pathologic states in the 
colon as well as between the types of colon bacillus present in the urinary 
tract and the colon. Recent studies have shown that in some cases 
stasis of fecal current and inflammatory and infectious diseases of the 
anorectocolonic tube are capable of producing and perpetuating moder- 
ate and subacute recurrent types of uroinfection which disappeared 
following the eradication of the intestinal foci. I3s<I 

The “urologist’s ulcer occurs in men who have received or are 
receiving massage of the prostate. This ulcer occurs on the mucous 
membrane of the rectum just above and over the prostate and seminal 
vesicles; it appears as a raw streaked almost fissured lesion and may 
undergo malignant degeneration. 

U rogeniial Complications of Malignant Disease of the Rectum. Fol- 
lowing resection of the rectum, retention of the urine may occur which 
eventuates in pyelonephritis in many cases. In men, prostatitis and 
obstruction at the vesical neck may develop necessitating surgical inter- 
vention. 63 In women, contracture of the neck of the bladder is infre- 
quently encountered. Because of lack of normal posterior support, 
the bladder sags causing an angulation with the urethra that gives a 
cystoscopic appearance of a moderately advanced cystocele. The 
bladder distends and becomes trabeculated and cellular; even small 
diverticula may form. The vesical changes and disturbances are to a 
large extent also due to direct operative trauma to the bladder and its 
parasympathetic fibers. The injury may be unilateral, incomplete, 
transitory, and, occasionally, permanent. The degree of the injury to 
the nerve supply of the bladder is dependent upon the extent of the 
malignant involvement and the fixity to adjacent structures. 64 - 77 The 
duration of the urinary disturbances depends upon the extent and char- 
acter of the nerve injury. 

Anesthesia. The development of several reliable slowly absorbing 
oil-soluble anesthetic solutions constitutes a significant advance. How- 
ever, the promiscuous and unintelligent use of these agents constitutes 
a retreat especially when employed in disregard of the cardinal principles 
of anorectal surgery. 

The long-acting anesthetic solutions have been employed chiefly in 
the treatment of certain cases of pruritus ani and in selected cases of 
anal superficial fissures, as well as for the avoidance of postoperative 
pain and discomfort following hemorrhoidectomy. Wien used for the 
avoidance of postoperative pain, the injections must be made under 
aseptic precautions before the operation is begun. Gorsch advised that 
the injection of these anesthetic agents be made 24 to 48 hours before 
operation. There are however numerous competent proctologists who 
believe that when clean-cut and gentle surgery and meticulous pre- 
operative and postoperative care are employed, there is no need for 
the long-acting anesthetics (either oily or aqueous solutions); at best 
these agents are poor substitutes for good surgery. 405 

The slowly absorbing anesthetic solutions are not devoid of hazards 
and pitfalls. The oil-soluble anesthetic agents may produce an aseptic 
inflammatory reaction of the tissues into which they are injected eventu- 
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ating in suppuration and necrosis. The long-acting water-soluble 
anesthetics, e. g., eucupin-procaine solution, frequently produce edema, 
hyperemia, and bleeding; “their disadvantages seem to outweigh their 
advantages.” 44 Idiosyncrasy to these drugs is also encountered at 
times. 

The choice of anesthesia for anorectal surgery is of importance. 
The ideal anesthetic is one that will produce the best relaxation of the 
muscles of the anal canal and of the perineum. Spinal anesthesia using 
5 to 7 mg. of pontocaine in 1 or 2 cc. of spinal fluid or 25 to 50 mg. of 
procaine hydrochloride crystals dissolved in 1 cc. of spinal fluid which 
is injected between the third and fourth lumbar vertebrae are the anes- 
thetics of choice, especially when infection in the anorectal tissues is 
present. 151 The incidence of postspinal headaches has been reduced, if 
not eliminated, by employing small lumbar puncture needles (22- to 
25-gauge) and by keeping the patient in a horizontal position for from 
8 to 24 hours after operation. Caudal and paravertebral block is a 
safe and effective but a difficult and time-consuming procedure even 
in the hands of the expert anesthetist. The average surgeon prefers 
low spinal anesthesia to caudal and sacral block because of the sim- 
plicity of execution and the promptness of the onset of anesthesia. 
Infiltration anesthesia using procaine hydrochloride enjoys the widest 
popularity because it lends itself to office practice. Infiltration anes- 
thesia must never be employed in the presence of infection or in cases 
of questionable diagnosis. The distortion of the tissues caused by the 
injection of the anesthetic solution is a distinct disadvantage. 70 In- 
halation anesthesia, usually cyclopropane, is employed only when the 
patient is apprehensive or refuses other types of anesthesia. Deep 
anesthesia is usually required because the muscles of the anal sphincter 
are the last to relax. 151 Intravenous anesthesia is infrequently em- 
ployed for short proctologic procedures, such as incision and drainage 
of superficial perianal abscesses, the removal of fecal impactions, or 
gauze packings from deep perineal wounds. 70,151 

Pruritus. Intractable pruritus ani remains a problem difficult of 
solution because of the multiplicity of etiologic factors involved. 

Physiologic Considerations. The circumanal region in common with 
the hairy parts of the axilla, labia majora, mons veneris and the areola 
of the nipple shares a wide distribution of the apocrine sweat glands. 145 
These glands develop from the differentiated epithelium and begin to 
function at puberty. In women the apocrine glands are said to be 
hyperactive during pregnancy and the premenstrual period, and hvpo- 
active during the intermenstrual phase and after menopause. This 
obvious relation of physiologic gonadal activity to the function of the 
apocrine sweat glands suggests that this sweat apparatus is related to, 
and perhaps is an integral part of the genital tract. The apocrine 
sweat glands also respond to neural and psychic stimuli. 

The secretions of the apocrine glands contain an excess of carbohy- 
drates and proteins and a pH ranging from 6 to 7 in contradistinction 
to the pH of from 4 to 5.5 of the ordinary sweat secreted by the eccrine 
sweat glands. The alkaline reaction plus the excess of carbohydrates 
and proteins of the apocrine secretions are the necessary ingredients for 
an excellent culture medium for certain bacteria and various fungi. 

Other important physiologic considerations concern the disturbances 
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of fat secretion of tiie skin , 132 tiie state of gastric secretion and the pH 
of tiie feces . 1 

General Disease. The etiologic role played by general disease is 
minimized by some investigators and denied by others. Pruritus ani 
is occasionally encountered in diabetes mellitus and in pellagra. The 
role of allergy is little understood but frequently incriminated. Al- 
though patients with localized pruritus may have an allergic back- 
ground there is no clear-cut proof that atopy is a necessary prerequisite 
for its development. However, sensitivity to foods and drugs is impor- 
tant in some cases. 

Regional disease in the genital and lower urinary tracts may cause 
and perpetuate pruritus ani. Disturbances of tiie intestinal tract 
resulting in the alteration of the character and pH of the feces, or the 
presence of intestinal parasites may initiate pruritus ani. 

Psychic Disturbances. The psychic factors are difficult to evaluate. 
One of the major problems is to determine what is cause and what is 
effect. Undoubtedly, localized pruritus can and often does cause ner- 
vous symptoms and also may be the last straw in upsetting a delicately 
adjusted mental equilibrium. From this standpoint localized pruritus 
is causative. Sulzberger, in agreement with others, asserted that severe 
pruritus may lead to a "complete disintegration of the morale and 
occasionally to suicide.” On the other hand, pruritus ani undoubtedly 
can be a local organic manifestation having the same significance as 
any organ neurosis or hysterical symptom. In this case, the psycho- 
genic factors are primary. In addition to these two thoroughly clear- 
cut situations we meet with a problem of a pruritus initiated by a 
local organic factor and the symptoms are utilized in the interest of a 
psychologic need. The perpetuation of the pruritus then serves as a 
most important psychodynamic function. This function may represent 
a substitutive gratification, a displacement to a new erotic zone, or a 
regression to an archaic erotic zone. Many of the patients in whom 
one suspects psychic factors fall into the group of obsessional neuroses . 102 

Anal Lesions. Accumulating experience shows that the inflamma- 
tory and infectious anal lesions as well as pruritus ani in many cases 
have a common cause in infection of the preformed anal ducts, anal 
glands and the crypts of Morgagni. A cure cannot be expected unless 
both the infection of the anal structures and the anal lesions secondary 
to this infection are removed surgically. In the recurrent cases of 
pruritus ani following proctologic operation, it is possible that either the 
local anal lesions or the common underlying cause or both were incom- 
pletely eradicated. 

Anal Hygiene. Poor anal hygiene brought about by fecal staining 
of the circumanal area is of major importance in the simple cases of 
anal pruritus; however, anal hygiene per sc appears to play a minor role 
in the refractory or intractable cases. _ _ 

Dermatologic Lesions. General dermatologic lesions having local 
anal representation are important causative factors in pruritus ani. 
Local dermatitis may be produced by the passage of feces containing 
an excess of skatole 'or other hydrocarbons 131 or by the therapeutic 
application of various drugs. The part played ^ by perianal and anal 
dermatophytid has also received considerations . 12 • 4s 
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Treatment. The treatment to be successful must be rational ami 
based on sound physiopathologic principles. Because of the multi- 
plicity of factors involved, the intractable or obstinate case presents 
almost insurmountable difficulties to all forms of therapy. 

Rigid cleanliness is very essential. Lilienthal’s method of applying 
bland ointments to the perianal region prior to defecation prevents fecal 
soiling and is effective in many cases. 87 Soap and other alkali should 
be interdicted especially in cases where there exists a deficiency of 
cutaneous fat secretion. 132 Toilet paper containing injurious chemical 
substances and dyes should be avoided; cotton and olive oil should take 
the place of toilet paper and soap. 

The local application of antiseptic, fungicidal and antipruritic drugs, 
especially resorcin, cocaine derivatives and mercury, may cause a der- 
matitis which aggravates the itching. 132 Utmost caution should there- 
fore be exercised when these drugs are employed. 

The diet must be bland. If the feces are alkaline in reaction, an acid 
ash diet should be given, including large quantities of buttermilk 1 or 
acidophilus milk. In the presence of gastric hypoacidity or anacidity, 
hydrochloric acid or glutamic acid hydrochloride should be prescribed. 
The intake of carbohydrates must be reduced to prevent skin hydration 
which also favors pyogenic and fungous infections. 132 Alcoholic bever- 
ages and highly seasoned foods must be absolutely interdicted. 

Where food sensitivity is suspected, exclusion diets should be insti- 
tuted. The intake of drugs, especially phenolphthalein and its deriva- 
tives, should be discouraged because of possible sensitivity. 

Specific desensitization for perianal moniliasis 49 and dermatophytosis 
with autogenous or stock vaccine and fungous extract is still in the 
experimental stage and should be employed with caution because of the 
occasional alarming reactions. 

Radiation therapy may be effective in reducing the hyperactivity of 
the sweat glands. 132 Perianal hyperhidrosis in certain cases can be 
controlled by the application of a 4% aqueous solution of formalin. 110 

Of the numerous drugs that have been recommended for the topical 
application, gentian violet dissolved in water or alcohol, and Castel- 
lani’s carbolfuchsin solution appear to be the most effective. The 
injection of oil-soluble long-acting anesthetics into the perianal tissues 
has afforded a permanent cure in a few and temporary relief in many 
cases. 

Concomitant anorectal lesions, regardless of their etiologie impor- 
tance in pruritus, should be eliminated in all cases of pruritus ani. 
When pruritus ani persists despite the foregoing therapeutic measures, 
radical treatment consisting in the perianal subcutaneous injection of 
alcohol 160 or the tattooing of the anal canal and the circumanal area 
with mercury sulphide 66 • 13S< ’ >140 are required. The injection of alcohol 
is an established form of therapy and is effective in a large number of 
obstinate cases. To date, the results from tattooing have been most 
encouraging except in some cases with dry scaly perianal skin or in 
patients who had had excessive Roentgen irradiation of the perianal 
skin. Tattooing with mercury sulphide apparently produce? a func- 
tional impairment of the cutaneous sensory terminals with a resultant 
alteration in the capacity of this neural system to respond to adequate 
stimuli. A change in the cutaneous modalities is produced- which. 
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■within limits, is proportional to the amount of intracutaneous deposit 
of mercury sulphide. This form of therapy is still in the investigative 
phase. ‘ f - 

In the occasional patient ■with long-standing refractory pruritus ani, 
after a careful investigation of the psychic factors discussed previously’ 
the guarded use of psychotherapy is of paramount importance. With- 
out entering into the technical details of psychotherapy (which involve 
considerable difficulties) a warning note should be included: It must 
never be forgotten that a certain amount of pruritus may be an essential 
component of the mental equilibrium of the patient considered as a 
whole. As a corollary of this, a ruthlessly violent removal of so neces- 
sary and unconscious gratification can be followed by the most distress- 
ing sequela:, even including self-destroying impulses. 

From the foregoing it is apparent that there is no royal road to an 
easy appraisal and treatment of pruritus ani. 

Hemorrhoids. The etiology, the comparative value of injectional 
and surgical therapy and the advisability of immediate or delayed 
operation for strangulated thrombosed internal hemorrhoids are still 
matters of controversy. 

Infection in the perianal tissues, preceded or accompanied by passive 
congestion, appears to have gained serious consideration as an important 
factor in the etiology of piles in many cases. Infection of the crypts 
of Morgagni, anal ducts and multiglnndular structures singly or together 
may produce perivascular inflammation which is apparently responsible 
for the formation of hemorrhoids. Campbell’s 19 clinical experiment is 
of interest: he removed the hemorrhoidal varices and purposely left 
the crypts of Morgagni undisturbed to see if chronic infection which 
persisted might lead to a recurrence of the piles. In the course of his 
study he became so convinced of the importance and seriousness of the 
crypts and the anal ducts that he lost courage to further pursue this 
study, and began to remove these anal structures routinely during 
hemorrhoidectomy. 

The operation of choice is a non-traumatizing procedure that will 
eliminate the varices as well as the sources and channels of infection 
and provide ample drainage through open wounds in order to promote 
the restitution of the inflamed and infected anal and perianal tissues. 
The principles of such operation consist of: 1, excision of the crypts 
of Morgagni and the anal duct-bearing tissues; 2, extension of the 
wounds originating in the rectum or anal canal into the perianal tissues 
in order to provide adequate drainage; and 3, keeping the wounds open. 
The incisions are made in the long axis to the rectum and anal tube and 
are carried to the perianal skin in a radial manner. 

Many surgeons treat irreducible strangulated internal piles (espe- 
cially when spasm of the anal sphincters is present) by immediate 
operation; 1196 some surgeons employ palliative measures and defer 
operation. 51 ' 1190 The Reviewer combines early surgical treatment with 
the administration of sulfanilamide or sulfathiazole. Chemotherapy is 
given as an additional safeguard against the remote possibility of occur- 
rence of pylephlebitis or abscess of the liver. 

Injectional therapy is the method of choice for moderate sized uncom- 
plicated, soft, bleeding, prolapsing but spontaneously reducible internal 
piles Exceptions are made if systemic disease or advanced age pre- 
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eludes operative interference. 93 Hemorrhoids associated with mild 
obstructive lesions at the vesical neck may be treated by injection of 
sclerosing solutions with good chances of success. Good results are 
also obtained in the treatment of internal hemorrhoids during the early 
months of pregnancy. 

. The contraindications to injectional therapy include mixed piles, 
evidence of recent or old inflammation or infection, neoplastic disease 
in the anorectocolonic tube or other concomitant local lesions requiring 
surgical treatment. 

The main purpose of injectional therapy is to stop bleeding and to 
correct the associated prolapse. Following the injection of sclerosing 
solutions (quinine and urea hydrochloride 5% to 10% solution or 5% 
solution of phenol in pure almond oil are most popular) submucously or 
into the hemorrhoidal mass, a sterile inflammatory process is produced 
within the interstitial tissues of the hemorrhoidal plexus causing a 
chemical thrombosis of the vessels followed by sclerosis and fibrosis. 

The techniques of injection vary with the experience of the operators. 
The solutions may be injected submucously or into the hemorrhoidal 
mass. A submucous injection above the anorectal ring about the 
pedicle of the hemorrhoid will obliterate the superior hemorrhoidal vein 
and fix the mucous membrane at high level to prevent prolapse. 88 
Similar injections of the remaining piles are made usually at weekly 
intervals until all hemorrhoids have been injected at this high level. 
Subsequently weekly injections are made into the hemorrhoidal mass 
at a lower- level. Occasionally additional injections have to he made 
submucously between the treated piles in order to correct mild descen- 
sus. Personal experience with this method of injection performed dur- 
ing the past IS months has been very gratifying. 

Properly performed injections should not result in complications. 
Superficial sloughs are not of serious import, and occur as a result of 
superficial injection or as a result of the injection of too much solution. 83 
Complications such as pain, bleeding, extensive ulcers, irreducible 
prolapse, strictures, abscess formation with subsequent fistulas, pyle- 
phlebitis and septicemia have been reported. It is recognized that this 
method of treatment is neither simple nor without danger; it has defi- 
nite limitations which should be understood lest disappointments and 
complications will result. 

Injectional therapy apparently does not produce a permanent cure. 
Kecurrences are dependent on the fate of the fibrosis produced and the 
elimination of the etiologic factors which had existed prior to the insti- 
tution of this method of treatment. Since injectional therapy does not 
remove the original etiologic factors responsible for the development of 
piles, recurrence can hardly be considered a failure in those instances 
in which the underlying cause has not been eliminated. 

Anal Fissures (Ulcers). Acute Fissure. Superficial, single or mul- 
tiple fissures in the anal canal or circumanal area are usually produced 
either by trauma or irritation. These fissures show no adjacent inflam- 
mation or induration. They either heal spontaneously or with the aid 
of the topical application of bland ointments. Occasionally the long- 
acting oil-soluble anesthetic solutions are used to allay pain. 

Chronic Fissure. This lesion consists of an ulcer with adjacent indu- 
ration and inflammation 144 and dysfunction with fibrosis of the subcu- 
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taneous portion of the external anal sphincter muscle. The underlying 
cause of the chronic fissure (ulcer) resides in infection of the preformed 
anal ducts and crypts of Morgagni . l6a The frequent occurrence of this 
lesion in the posterior arc of the anal canal is due to the preponderance 
of crypts of Morgagni in the posterior portion of the anal canal. 108 

An attempt has also been made to explain the pathogenesis of the 
anal ulcers on the basis of the anatomic arrangement of the various 
components of the external sphincter muscle. The superficial portion 
of the external anal sphincter muscle has a Y-shaped origin and inser- 
tion and lies above and external to the subcutaneous component of the 
external anal sphincter which is an unsupported circular muscle sur- 
rounding the anal orifice. Thus the subcutaneous portion of the ex- 
ternal anal sphincter lies like a “bar across the crook of the Y” and is 
therefore subject to frequent trauma. 1012 

Chronic anal fissures (ulcers) are best treated by wide excision of the 
ulcer-bearing area, including the involved crypt or crypts (and the 
sentinel pile, if present) followed by the division of the subcutaneous 
portion of the external anal sphincter muscle. The long-acting water- 
or oil-soluble anesthetics have no place in the therapy of this lesion 
because they are ineffective and dangerous. The operative treatment, 
because of the smooth convalescence and the inevitable successful issue 
is definitely preferable to taking even the slightest risk with the slow 
absorbing anesthetic agents. 141 

The Pecten Band. Pectenosis has been regarded as a pathologic 
entity which is characterized by a circular constriction caused by a 
deposit of fibrous tissue in the submucosa at the pectinate line, and is 
said to be produced by chronic passive congestion. Its counterpart is 
sometimes found in globus hystericus when fibrous tissue in the sub- 
mucosa forms opposite the cricopharyngeus muscle. A recent important 
study 45 showed that the submucosa in the region of the pectinate line 
contains involuntary muscle fibers continuous with the muscularis 
mucosre of the rectum, which, in some cases, form a well-developed 
submucosal muscle close to but always distinct from the internal anal 
sphincter muscle. The term “muscularis submucosa; ani” was pro- 
posed for this submucosal layer of muscles. The role played by this 
muscle is not that of a fibrous band, as hitherto believed, but that of a 
muscle band exerting its effect through either spasmodic contraction 
produced by local irritation or hypertrophy resulting from chronic 
spasm and leading to stenosis. 

Apparently this submucosal muscle had hitherto been overlooked by 
histologists. This is the explanation given by C. N. Morgan for the 
absence of reference to this muscle in his otherwise authoritative 
description of the anatomy of the anal canal. 108 

Anal Abscess and Anal Fistula. The now well-recognized concept 
that these lesions originate from an infection in the preformed anal 
ducts 16a is 'worthy of reemphasis. The anal ducts empty in the crypts 
of Morgagni but may lead to racemose multiglandular structures situ- 
ated in the perianal tissues and may pierce the anal sphincter muscles, 
especially the internal sphincter. The anal ducts are lined with a 
secreting* columnar epithelium which in branches is cuboidal, and may 
become ° natural incubators for bacteria under suitable conditions. 
Infection of these anal structures may lead to the development of peri- 
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anal and perirectal suppurations eventuating in anal fistulas. The 
primary openings of true anal fistulas are always found within a crypt 
of Morgagni. 

Perianal fistulas occurring as a complication of regional ileitis have 
been reported. 118 The accompanying infectious diarrhea is believed to 
produce infection in the crypts of Morgagni which in turn results in 
anal fistulas in most of these cases; in some instances, however, there 
occurs direct fistulization from the ileum to the rectum or perirectal 
tissues, which may become infected anywhere along its tortuous course. 

Anal and perianal abscesses should be incised widely and drained 
adequately as early as possible. The T-shaped or crucial incisions with 
the removal of the skin and the infected deeper tissues between the 
crossed incisions (thus unroofing the abscess cavity) are most often 
employed. The abscess cavity is explored digitally and multilocular 
cavities, if present, are broken up and packed lightly with either iodo- 
form or plain gauze. Fistulectomy combined with incision and drainage 
of the abscess may be performed in selected cases. 

The fundamental principles of fistulectomy consist of the clean-cut 
excision of the fistulous channel with the adjacent infected tissues; the 
elimination of overhanging skin edges to promote adequate drainage, 
and the employment of light gauze packing for about 48 hours. Of 
equal importance is the correct and meticulous postoperative care. 106 ' 1Ca,c 

Extensive fistulas may require two-stage operations. At the first 
procedure, the fistulous tract or tracts are excised down to the sphincter 
muscles. The remaining portion of the channel is threaded with a 
seton and tied loosely. At the second operation, which is performed 
after a firm scar had formed in the lateral wound, the sphincter muscle 
is divided and the remaining portion of the fistulous tract is laid open. 101 ' 
This procedure prevents the wide retraction of the cut sphincter muscle 
with resultant anal incontinence. 

Anal Incontinence. In general, this complication follows either ob- 
stetric procedures or operations upon the anal canal; it occurs most often 
following fistulectomy. In most cases, if not in all, anal incontinence 
is a product of unforgivable incompetence. 106 Numerous plastic pro- 
cedures have been devised. The Wreden-Stone operation utilizes two 
fascial slings to encircle the anal canal which are anchored to the glutei 
maximi. Buie advocates a simple plastic procedure which consists of 
the excision of the scar tissue and the recreation of the original wound 
which was present immediately after fistulectomy. 100 Meticulous post- 
operative care results in a competent healthy scar. Blaisdell developed 
an ingenious and simple procedure which consists in isolating and reefing 
the external anal sphincter muscle thus decreasing the circumference of 
the whole muscle and the anal outlet. 10 "" Excellent results have fol- 
lowed the performance of this procedure. Knapp, in a selected case 
of incontinence, successfully utilized the superficial transverse perineal 
muscle for the repair. S2 

Injuries of the Anus, Rectum and Sigmoid. Small particles of food 
and foreign bodies, such as fish bones, seeds, and so forth, may lodge in 
a crypt of Morgagni and result in infection of the crypt requiring surgi- 
cal intervention. Foreign bodies lying free in the lumen of the rectum, 
such as enema tips, usually present no difficulties in their removal. 

Impalement of the rectum is a serious condition. The prognosis 
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depends on the path of injury and the extent of viscera! involvement. 
Immediate exploratory laporotomy is usually performed when perfora- 
tion of a viscus has occurred. Expectant treatment and the perfor- 
mance of an occasional colostomy is indicated in extrarectal impale- 
ments with or without extensive perineal laceration. 28 

Contrary to. the general consensus, perforations of the rectum or 
sigmoid occurring during sigmoidoscopic examination may be treated 
conservatively, especially when the patient is a poor risk because of 
advanced age or concomitant disease, or in those instances where a 
delay in establishing a diagnosis has occurred. 122 

Pediatric Proctology. As in the adult, proetosigmoidoseopic exami- 
nation of infants and children is indicated in the presence of symptoms, 
such as bleeding, diarrhea, constipation, protrnsion, tenesmus, or pruri- 
tus. 33 " ' 115a ^lie presence of an obstructive lesion that prevents the 
insertion of the examining finger or the instrument into the anorectal 
outlet constitutes the only contraindication to sigmoidoscopy. 

In infants and young children, the rectum is in a -vertical position 
and the sigmoid may be long and tortuous with a sharp angulation either 
to the right or to the left of the pelvis; the bowel is very fragile and 
may be easily traumatized. Either morphine 115 " or general anesthesia 33 " 
is employed in most cases of infants or young children. However, in 
many children over 5 years of age, the examination may be carried out 
easily without the aid of either morphine or anesthesia. The employ- 
ment of inflation of the bowel as an aid to sigmoidoscopy is a matter 
of personal preference and experience; it is considered safer to visualize 
the lumen of the colon before advancing the sigmoidoscope, which is 
best accomplished by gentle inflation. Tire original or a modified in- 
verted position is considered the most suitable for sigmoidoscopy in 
infants and children. 

Juveniles, like adults, are subject to inflammatory bacterial or para- 
sitic disease, suppurations, fistulas and fissures in ano, prolapse of the 
rectum, benign and malignant polyps and other tumors. Unlike adults, 
infants and young children seldom have internal piles but more often 
present congenital malformations of the anus and rectum. 

Miscellaneous Considerations, Clinical Pathology. The microscopic 
study of the bowel discharges at the time of proctosigmoidoscopy has 
become a routine procedure in many offices and clinics. The presence 
of cellular exudates in the bowel discharges is indicative of lesions asso- 
ciated with anatomic changes in the wall of the colon. 8 The determina- 
tion of the reaction of the feces is of importance. 1 The approximate pH 
of the feces can be established with the aid of nitrazene paper. Normal 
stool is acid in reaction. 143 The sedimentation time of erythrocytes is 
another simple office procedure. 139 The fact that the sinking of the red 
blood cells is accelerated in the presence of hidden suppurations in the 
anorectal tissues makes this test valuable in the differential diagnosis 
of acute anal pain and in the differentiation of an inflammatory reaction 
from a suppurative process following the injection of the long-acting 
anesthetics. The Frei test is at present performed routinely in all cases 
of diarrhea, rectal strictures and whenever the diagnosis is obscure. 

Ambulatory Operative Treatment. Perianal hematoma (external 
thrombosed pile), subacute fissures and short subcutaneous sinuses or 
fistulas are suitable for ambulatory operative treatment.- 18 The 
surgeon performing ambulatory operations for anorectal lesions should 
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provide adequate office facilities for immediate postoperative rest and 
care, and proper supervision at the patient’s home. 

It is generally conceded that the published good results of ambulatory 
operative treatment of proctologic lesions do not represent a fair cross- 
section of the work done throughout the country. That better results 
follow operations performed in a hospital can hardly be gainsaid ; 72 
ambulatory surgical treatment is usually incomplete in scope and hence 
only palliative in character. 

Sacrococcygeal ( Pilonidal ) Cysts and Sinuses. In spite of numerous 
studies there is still no unanimity of opinion as to the essential aspects 
of this lesion. Most investigators agree that the sacrococcygeal lesion 
is congenital in origin and that it arises from the ectoderm. They dis- 
agree as to whether nerve tissue or integument is the source of origin. 
The tendency to recurrence characterizes this lesion regardless of the 
form of surgical procedure utilized. Non-surgical procedures (injec- 
tional sclerosing therapy) are still on trial. The occasional concomitant 
occurrence of a malignant lesion 57 and postinjection sloughs favor clean- 
cut surgery. 

Radiation therapy is advocated as a substitute for operation for the 
recurrence of infected sacrococcygeal sinuses . 138 - 7 It is conceivable that 
when all branches of the sinus and the ectopic epithelium are incom- 
pletely removed during the original operation, radiation therapy may 
fail, and reoperation may become necessary. 

Rectal Blccdmg. Bleeding from the rectum usually demands a com- 
plete survey to establish its source. Internal hemorrhoids are the 
most frequent cause while neoplasm is the most important. Profuse 
bleeding following the inexpert injection of sclerosing solutions for the 
treatment of internal piles and prolapse occurs infrequently ; 17 the inci- 
dence of this complication cannot be surmised from the perusal of 
published reports. Blood originating from a lesion in the descending 
or sigmoid colon if retained in the rectum long enough may appear dark, 
resembling blood coming from a lesion in the upper intestinal tract or 
stomach, while, in the case of hypermotility of the intestines, blood 
coming from a gastric or duodenal lesion may occasionally be bright red. 
Rarely, bleeding in children may originate from an ulceration in a 
Meckel’s diverticulum with or without aberrant gastric mucosa, or from 
an ulceration of misplaced gastric mucosa in the rectum . 43 ’ 40 

Blood dyscrasias, such as thrombocytopenic purpura and vitamin C 
and K deficiencies may be the underlying cause in many cases of occult 
or gross bleeding from the colon and rectum. Bleeding noted in diar- 
rheas is frequently an expression of subclinical hypovitaminosis and not 
necessarily caused by the inflammatory or infectious process of the 
bowel . 92 Colonic bleeding noted in advanced Bright’s disease and 
uremia may be due to vitamin Iv deficiency . 23 

Effects of Irradiation on Rectum. Following radiation therapy (ra- 
dium, Roentgen ray, or both) for malignant lesions of the urogenital 
tract there may develop changes in the rectum (as well as in other 
segments of the colon and small intestine) ranging from mild mucosal 
injury to ulcerations . 135,149 The ulcerations may either erode the bowel 
wall and eventuate in perirectal suppuration or rectovaginal fistulas 
or terminate in healing with intense fibrosis leading to partial or com- 
plete stenosis. On the other hand, the perirectal structures may be 
primarily affected causing secondary involvement of the rectum. The 
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simple lesions may either he self-limited or may respond to conservative 
measures. The advanced lesions, r. y., ulcerations or stenosis, may 
require temporary or permanent colostomy. The present consensus is 
against dilatation of the strictures because perforations are apt- to 
follow this maneuver. Severe pain may be controlled by the resection 
of the presacral nerves . 130 

Colonic Allergy. The reactions produced in the colon by allergy to 
foods have been experimentally demonstrated in humans to consist of 
edema, hyperemia and increased secretion . 3 ’ 63 ' 00 Histologically this 
reaction is represented by marked edema of the submucosa and cellular 
infiltration. These phenomena are produced partly by the direct con- 
tact of the offending food with the mucosa and, more importantly, by 
the allergen reaching the mucosa via the blood stream after absorption. 
Observations similar to the foregoing as well as spasm frequently en- 
countered during proctosigmoidoscopy should suggest a possible allergic 
etiology and lead to further investigations. 

Enterobiasis. The introduction of cellophane-tipped swabs consti- 
tutes a distinct advance in the study of pinworm infestations. Of equal 
importance is the therapeutic employment of the recently proposed 
enteric coated gentian violet . 101 This therapeutic agent is believed to 
be the most efficacious drug now available for the treatment of enterobi- 
asis. While the treatment of individual patients has become relatively 
simple, the eradication of the pinworms occurring in several members 
of a family or in inmates of an institution is still a difficult problem . 31 
This difficulty is caused by the high incidence of reinfection. 

Acute appendicitis caused by Entcrobins vcrmicnlaris is infrequently 
encountered. Occasionally several members of the same family may 
have pinworm infestation and acute appendicitis concomittantly . 103 

Intestinal and Vaginal Trichomonas. Recent studies fail to support 
the common belief that trichomonads infecting the vagina are of intes- 
tinal origin. Experimentally, human and monkey vaginas cannot be 
infected with intestinal trichomonads . 16 

Fecal Impaction. Fecal incontinence from accumulation of feces in 
the rectum occurs infrequently after operations; in the debilitated bed- 
ridden individual; following the use of barium sulphate for diagnostic 
purposes, or after the eating of roughage . 7,106 The incontinence mani- 
fests itself as a continued discharge or diarrhea. The treatment con- 
sists of the administration of warm oil as retention enemata and the 
gentle digital removal of the impacted feces. Occasionally hydrogen 
peroxide enemata and the instrumental removal of the feces must be 


resorted to. 

Mineral Oil. A recent provocative paper by Morgan deals with the 
misgivings on mineral oil . 103 Mineral oil is believed to interfere seri- 
ously with the physiology of defecation ; it apparently causes the prema- 
ture passage of feces from the transverse, descending and sigmoid colon, 
the true fecal reservoir, into the rectum. There the stool may be 
abnormally retained as the admixture of the oil with the feces prevents 
their complete evacuation. Mineral oil interferes with the healing of 
wounds following anorectal operations and may induce bleeding. Liquid 
petrolatum, by causing increased motility of the intestine and rapid 
transportation of food prevents its proper digestion and absorption and 
has a deleterious effect on the fat-soluble vitamins A, D and A 

Curtis and Kline 32 found that the feeding of crystalline carotene m 
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vegetable oil to normal persons produces a rise of the concentration of 
carotene of the blood, and that a reversal of this effect occurs when 
mineral oil is fed with the carotene. They also demonstrated that the 
feeding of mineral oil 2 or 3 times daily before meals prevents the rise 
of the blood carotene following the partaking of a high carotene diet. 
However, no effect on the blood carotene occurs if the mineral oil is 
administered only before retiring when no food is ordinarily taken. 
This study shows that mineral oil mixed with food in the gastrointes- 
tinal tract inhibits or prevents the absorption of carotene. 

Gastro-intestinal Manifestations of Anorectal Lesions. As a rule, 
lesions of the anorectum produce a characteristic local symptom com- 
plex which is easily differentiated from that produced by disease in the 
upper digestive tract. However, ip certain instances anorectal disease 
may cause referred abdominal symptoms suggesting disease of the 
stomach, appendix or the biliary tract. Recently, Gauss 54 called atten- 
tion to the irritable colon and gastric irritation syndromes produced by 
disease in the anorectum (13 of his 15 patients responded promptly to 
proper proctologic therapy). The symptomatology of some of his 
patients included heartburn which occurred several hours after meals 
and was relieved by food or alkalies. Apparently the anorectal lesion 
produces irritation of the colon which in turn may produce the gastric 
irritation syndrome. This effect is mediated through the sympathetic 
and parasympathetic nerves of the autonomic nervous system. 

Rectal Absorption of Sulfanilamide and Its Derivatives. Recent experi- 
mental studies proved that sulfanilamide is absorbed from the rectum 
and colon in man when administered either in solution 1410 or in sup- 
pository. 1416 The concentration of sulfanilamide in the blood after the 
suppositories was inadequate, but the solution gave a concentration 
comparable with that resulting from the oral administration. The 
rectal route of administration of sulfanilamide is recommended when- 
ever the oral route cannot be utilized. The same total dosage may be 
employed for the rectal as for the oral administration. The rectal 
route has been employed successfully in the treatment of anorectal 
manifestations of venereal lymphogranuloma 95 and in chronic ulcerative 
colitis 27 - 1416 (Protocol 4). 

The rectal administration of sulfapvridine in suspension has been 
employed successfully in the treatment of pneumococcic pneumonias. 150 
The dosage required to produce an adequate concentration of sulfapyri- 
dine in the blood was 3 times larger than the oral dose. Nausea was 
almost eliminated. 
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TREATMENT OF THROMBOSIS OF THE RETINAL VEINS. 

Thrombosis of the central vein of the retina or one of its branches 
or tributaries is a rather frequent cause of loss of vision in middle aged 
or elderly individuals. Its frequency is considerably greater among 
patients with relatively benign hypertensive disease than it is in the 
general population or in patients with severer forms of hypertensive 
disease. The majority of patients who present themselves with loss 
of vision due to thrombosis of a retinal vein are in other respects in 
relatively good physical condition; so that the loss of vision is their 
primary concern. The average age of occurrence of this type of vascu- 
lar accident is 57 years, so that many of these patients have the expec- 
tancy of a number of years of active life. It would seem, therefore, 
that any form of treatment would be worth while which would offer a 
chance of restoring useful vision to the affected eye. In the past, 
little has been offered to these patients in the way of treatment other 
than general measures for the control of the hypertensive disease, if 
present, and potassium iodide. However, in 1930, Lowenstein and 
Reiser 8 suggested Roentgen ray therapy to the affected eye, and, in 
1938, Holmin and Ploman 6 reported the use of heparin in the treatment 
of a case of thrombosis of the central vein of the retina. Though 
reports of the results of these two types of therapy have been rather 
few to date, it was thought that it might be of interest to compare the 
visual results obtained with those in essentially untreated cases. 

In a series of 26 cases of thrombosis of a tributary retinal vein re- 
ported by Moore in 1924, the last recorded vision was 6/60 or less in 
14 (54%), between 6/36 and 6/12 in 10 (38%), 6/6 in 1 (4%) and un- 
recorded in 1. Considering only the 12 cases in which vision was 
recorded at least 1 year after the occurrence of the thrombosis, the final 
visual acuity was 6/36 or less in 8 cases (67%), between 6/24 and 6/12 
in 3 (25 %), and 6/6 in 1 (8 %). In a similar series of 29 cases reported 
by Jensen 7 in 1936, visual acuity at the end of a year or longer was 
6/36 or less in 14 (49%), between 6/24' and 6/12 in 9 cases (31%), 
6/9 in 3 (10%), and 6/6 in 3 (10%). Combining these two series, it 
is apparent that useful vision was obtained or retained in 19 of 41 eases 
(46%) and normal vision in 4 (10%). Secondary glaucoma did not 
develop in any of the 31 cases of thrombosis of a tributary retinal vein 
reported on by Moore. 11 It developed in only 1 of a series of approxi- 
mately 50 cases reported on by Uhthoff, and in only 1 of Jensen s 
54 cuscs. 

The final acuity of vision obtained in untreated cases of thrombosis 
of the central vein is usually considerably poorer than it is m cases of 
’ thrombosis of tributary veins. Thus, among the 19 cases with records 
of vision in Moore’s series, the last recorded vision was 6/60 or less in 
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17 (90%), 6/36 in 1 (5%) and 6/24 in 1 ( 5 %). Among the group of 
10 cases which were observed for more than a year, the last recorded 
vision was less than 6/60 in all. So that useful vision was not obtained 
or retained by any patient in this group. Secondary glaucoma devel- 
oped in 10 of Moore’s 31 cases of thrombosis of the central vein (32%), 
and in 12 of Uhthoff’s 50 cases (24%). 

Stimulated by a report of Hessberg’s on rapid and complete absorp- 
tion of hemorrhages in the retina following irradiation of the eye, 
Lowenstein and Reiser 8 decided to try the effect of medium and small 
doses of Roentgen ray on thrombosis of the retinal veins. They 
thought originally that the rays might have a direct thrombolytic action 
and that they might stimulate the formation of collateral circulation. 
Later, however, they decided that these two effects could not be de- 
monstrated. They concluded that the essential effect of the Roentgen 
rays was that of vasodilatation by which an active hyperemia was 
produced which increased the rate of absorption of the hemorrhagic 
extravasations. They ^thought also that the increased vis a tergo 
resulting from the vasodilatation would prevent the thrombus from 
becoming completely occlusive if it were not so originally. They sug- 
gested also that Roentgen ray therapy might prevent the development 
of secondary glaucoma by decreasing the secretion from the ciliary 
body. They reported 1 case of thrombosis of the central vein in which 
the vision was 6/20 at the time treatment was started. One year later 
the vision was 6/5. Also, in a case of thrombosis of a tributary vein 
the vision, which had been 6/20 at the onset, was 6/4 at the end of 
4-r, months. 

Lowenstein and Reiser thought that irradiation of the eye was indi- 
cated especially in cases in which a specific tuberculous or syphilitic 
affection of the intima of the vein was the basic cause of the thrombosis. 
They expressed doubts that this method of treatment would be of any 
value in cases of thrombosis of the central vein in which the obstruction 
was caused primarily by thickening of the connective tissue in the 
lamina cribrosa or in cases of tributary vein thrombosis in which the 
obstruction resulted from compression of the vein by a sclerosed 
arteriole. 

In 1932, Schnyder and Forster 16 reported on the treatment of 7 cases 
of thrombosis of retinal veins by irradiation according to the method 
of Lowenstein and Reiser but using somewhat smaller doses. Two of 
the cases showed complete thrombosis of the central vein. In 1 of 
these, only slight residuals were visible ophthalmoscopically after 
6 months and the vision was 6/10. In the other, the hemorrhages were 
completely resorbed after S months and the vision was between 6/10 
and 6/12. There were 3 cases of thrombosis of a tributary of 1 of the 
main temporal veins without much disturbance of vision. At the end 
of 3 months all the hemorrhages had been resorbed in 2 of these cases 
and most of the hemorrhages in the other. In 1 case the main superior 
temporal vein was thrombosed and there were extensive hemorrhagic 
extravasations involving the macula. At the end of 5 months, only 
a few residual hemorrhages were present and the vision was between 
6/12 and 6/10. The seventh patient had had a thrombosis of the 
superior temporal vein of the right retina 3 years previously. The 
hemorrhages had been completely resorbed after 27 months, but as a 
result of consecutive retinal and optic nerve atrophy the vision remained 
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reduced to ability to count fingers at 2 meters. When thrombosis 
occurred in the superior temporal vein of the left retina, the eye was 
irradiated. The hemorrhages were almost completely resorbed "at the 
end of 5 1 months and the vision was between 6/12 and 6/10. The 
results in this series would seem to be considerably better than the 
average obtained in the untreated cases. 

. Schnydcr and Forster stated that, in all 7 cases, they had the impres- 
sion that as a result of the Roentgen ray therapy the hemorrhages 
absorbed considerably more rapidly and completely than was usual in 
cases of thrombosis of the retinal veins. They noted that in 2 cases, 
1 of central vein and the other of tributary vein thrombosis, venous 
thrombosis with hemorrhages and detachment of the retina developed 
in the periphery of the retina some time after the irradiation therapy 
had been concluded. In both of these cases spontaneous healing took 
place, but Schnyder and Forster thought that the lesion was caused 
probably by a tear of the retina resulting from the hyperemia and 
consecutive edema produced by the irradiation,. Therefore, they were 
inclined to think that the treatment was not entirely harmless and 
that it should be reserved for those cases in which the completeness of 
the thrombosis and the extent of the hemorrhages make the prognosis 
for recovery of vision doubtful if the condition is untreated. 

Later reports on the results of irradiation treatment have not been 
so encouraging. In a discussion at the 1936 meeting of the German 
Ophthalmological Society of Czechoslovakia, Braun 3 and Ascher 1 stated 
that Roentgen therapy did not seem to influence the course of cases of 
complete thrombosis of the retinal veins though it might have a favor- 
able effect on cases of partial or incomplete thrombosis. In 1937, 
Gradle 5 published the results obtained by irradiation in a series of 
16 cases. He was particularly interested to see if this type of treat- 
ment was of any value in preventing the development of secondary 
glaucoma, a point which had not been considered by the other authors. 
He used 3 to 6 exposures of filtered rays up to the extent of one-fourth 
to one-third of a skin erythema dose. He did not use pilocarpine as a 
prophylactic in this series. The results obtained were compared with 
those in a series of 21 untreated cases which had been observed over a 
similar period of time. Pilocarpine was used as a prophylactic against 
the development of secondary glaucoma in the cases of thrombosis of 
the central vein in this second group. The cases in each group were 


observed over periods ranging from several weeks to 10 years. 

Among a group of 14 cases of thrombosis of a tributary vein in which 
irradiation was not used, the vision at the time of the last examination 
was 6/30 or less in 7 (50%), 6/12 to 6/10 in 6 (43%), and 6/5 in 1 (7 %)• 
Among a group of 7 cases of thrombosis of a tributary vein in which 
irradiation was used, the vision at the last examination was 6/30 or 
less in 5 (72%), 6/20 in 1 (14%) and 6/5 in 1 (14%). Among a group 
of 7 cases of thrombosis of the central vein in which irradiation was 
not used, the vision at the last examination was 6/30 or less in 6 (86%) 
and 6/6 in 1 (14%). Among a group of 9 cases of thrombosis of the 
central vein in which irradiation was used, the vision at the last exam- 
ination was 6/30 or less in 7 (78%) and 6/15 in 2 (22%). Essentially, 
then the final vision obtained differed very little m the two groups ot 
cases. Irradiation was not entirely successful either in the prevention 
or the development of secondary glaucoma. Glaucoma developed in 
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1 (7 %) of the untreated cases of tributary vein thrombosis and in 
1 (14%) of the untreated cases of central vein thrombosis. In both of 
these cases, the glaucoma was bilateral and was of the chronic simple 
or compensated type and may have developed independent of the 
thrombosis. Glaucoma did not occur in any of the 7 cases of tributary 
vein thrombosis which were irradiated, but typical acute incompen- 
sated glaucoma developed in 1 (11 %) of the 9 irradiated cases of central 
vein thrombosis. 

In summary, Gradle stated that he did not think that irradiation 
accelerated the absorption of the hemorrhages or that it improved the 
end result so far as vision was concerned. He expressed the opinion 
that irradiation might be of some value in the prevention of secondary 
glaucoma. 

In view of the rather conflicting reports on its efficacy, Roentgen ray 
treatment may be worthy of further trial in the treatment of retinal 
venous thrombosis. I regret that a rather extensive report on this 
method of treatment which was published in Ophthahnologica for June- 
July, 1940, is not available to me for review at the present time. 

In March, 1938, Holmin and Ploman reported the results obtained 
in a case of thrombosis of the central vein of the retina which they 
treated with heparin. The vision shortly after the onset of the throm- 
bosis was 6/30. Heparin therapy was started 41 hours after the onset. 
Three to four daily closes of 1.66 mg. per kilo of body weight were given 
during a period of about 10 days. The ophthalmoscopic picture did 
not change materially during the time of administration of the heparin 
but the vision improved to 6/7. During the following weeks the 
hemorrhages absorbed gradually. At the end of 3 months the vision 
was 6/6. 

Ploman 13 had studied previously 13 cases of thrombosis of the central 
vein. Nine of these had become blind, 8 from secondary glaucoma, 
1 from proliferating retinitis and detachment of the retina. Final 
vision in 1 was hand movements, in 2, 6/60, and in l,<6/20. 

In Ploman’s opinion, the obstruction to the bloodflow in the case 
treated with heparin was not complete at the time he saw the patient. 
In most cases, he thinks, clots accumulate on the thrombus and finally 
produce complete obstruction. Heparin prevents this further growth 
of the thrombus and permits retraction of the fibrin already present 
in the clot so that the obstruction to the circulation is reduced. Ploman 
thinks also that the heparin may diffuse through the capillary walls 
and into the tissues so that they become heparinized. As a result, the 
blood in the hemorrhagic extravasations in the retina remains more 
liquid and can be resorbed more rapidly. 

In July, ]93S, Bostrcim and YVilliam-Olsson 2 reported a second case 
of thrombosis of the central vein of the retina treated with heparin. 
The heparin was not started in this case until about a month after the 
occurrence of the thrombosis. Vision at the time of first examination 
was 6/60. Heparin was given intermittently for 20 days. At the end 
of 1 month the retinal lesions had improved considerably and vision 
was 6/10. In discussing the rationality of the treatment, the authors 
stated that in intravascular thrombosis the thrombus acts as a foreign 
body, producing kinase and a tendency to coagulation in its neighbor- 
hood. Heparin lessens the tendency to coagulation. This prevents 
growth of the thrombus and allows the coagulum to retract so that 
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parietal canalization may occur. Later the thrombus itself may be 
dissolved by proteolytic enzymes. 

In June, 193S, Ploman reported his further experiences with heparin 
treatment of thrombosis of retinal veins. He used, in hospital cases, a 
daily dose of 250 mg. divided into 4 doses and, in out-patients, 200 to 
300 mg. daily in 2 doses. Treatment was continued for from 5 to 
10 days. Two additional cases of central vein thrombosis were treated. 
In 1 of these at the end of 3 weeks the ophthalmoscopic appearance 
was considerably improved and vision had increased from hand move- 
ments to finger counting at 4 meters. In the other, after 6 weeks’ 
treatment with potassium iodide, vision had decreased from 6/8 to 6/9. 
One month after 3 days of heparin treatment the vision was 6/6. He 
treated also G cases of tributary vein thrombosis. In 1 of these there 
was no improvement, and the vision was still 6/60 at the end of 6 weeks. 
In another, vision improved from 6/20 to 6/9 in 2 weeks, but 1 week 
later a second thrombosis occurred which reduced the vision again to 
6/20. Heparin did not help this second thrombosis. In the other 
4 cases, improvement was noted. The final recorded vision was 6/20 
in 2 cases, 6/10 in 1, and 6/9 in 1. The period of observation in these 
cases was rather short, 6 weeks or less in all but 1 case. For comparison, 
Ploman gave the results at the end of 3 months in 26 cases of tributary 
vein thrombosis treated with potassium iodide. Among these 26 cases, 
4 were worse, 12 were unchanged and 10 were improved. The mean 
improvement in vision was 0.2. The mean improvement in vision in 
heparin treated cases was 0.3. Ploman admitted that the period of 
observation in these cases was too short to permit any conclusions as 
to final results. 


Ploman used heparin in the treatment also of 1 case of hemorrhage 
in the retina (type not stated) in which the vision improved in 2 weeks 
from 6/15 to 6/6, and in 1 case of hemorrhage into the vitreous in which 
the vision improved from counting fingers at 2 meters to 6/7 in 1 month. 

In April, 1941, Rea 14 reported the heparin treatment of 3 cases of 
complete thrombosis of the central vein and of 2 cases of tributary 
vein thrombosis. He stated that one of the eyes with central vein 
thrombosis became glaucomatous and completely blind. Some im- 
provement was noted in the 2 other cases. In 1 case, vision improved 
from 2/60 to 6/24. The 2 cases of tributary vein thrombosis were 
completely cured with vision of 6/6. Rea thought that the treatment 
produced good results if it was started the same day as the occurrence 
of the thrombosis or “immediately afterward;” but that, when there 
was a delay of several days in starting the heparin, the results were 


not good. 

At the 1940 meeting of the American Ophthalmological Society, 
MacDonald 9 reported the results obtained by the use of heparin in 
1 case of thrombosis of the central vein of the retina and in 1 case of 
thrombosis of the macular branch of the superior temporal vein. In 
the case of central vein thrombosis, treatment was started 2 weeks 
after onset when vision was ability to count fingers at 2 meters. Heparin 
was given by the continuous drip method and the clotting time was 
kept at or above 30 minutes for 5 days. At the end of 6 months, vision 
was 4/36. Numerous punctate hemorrhages were present m the retina. 
In the case of tributary vein thrombosis treatment was started 3 months 
after the onset of the thrombosis when vision had decreased from 
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to 0/60 and the hemorrhages had increased in number. Heparin was 
given by the continuous drip method and the clotting time was kept 
at or above 20 minutes for 5 days. At the end of 6 weeks vision was 
6/18 and no new hemorrhages had occurred. 

In the discussion of MacDonald’s paper Gifford 4 stated that he had 
treated 2 cases of thrombosis with hepai'in without improvement in 
vision. Treatment was started 1 month and 2 weeks after the occur- 
rence of the thrombosis, respectively. Rychener 16 reported on 5 cases 
of thrombosis of the central vein; heparin was given intermittently 
(without laboratory control of the clotting time) in 1, and by the con- 
tinuous drip method in the other 4, the clotting time being kept at 
approximately 15 minutes. The final vision obtained was less than 
6/60 in 4 cases, and 6/20 in 1 case. He treated also 2 cases of tributary 
vein thrombosis. Final vision was 6/10 in 1 case and 6/6 in the other. 

In his paper, MacDonald called attention to the apparently spon- 
taneous cure of an occasional case of thrombosis of the central vein in 
a young individual. He mentioned cases reported by Mathewson 10 
and by Parker 12 in which 6/6 vision was regained in 1 year and 16 months 
respectively. In the discussion Verhoeff 17 stated that, in his opinion, 
most cases of so-called “thrombosis of the central vein” in elderly 
individuals are really obstructions of the vein caused by obliterating 
endophlebitis and that actual thrombosis occurred only rarely and then 
in young individuals. I am inclined to think that either of these types 
of occlusion of the vein may occur without any definite age limitations 
and that the prognosis is relatively good in the cases of true thrombosis 
and essentially hopeless in the cases of obliterating endophlebitis or 
phlebosclerosis. If a differential diagnosis between these two types of 
lesion could be established clinically, the indications for the use of 
heparin would be more clearly defined and, perhaps, the results of treat- 
ment in selected cases would be more uniform. 


Tabi.e 1. — Visual Results in Thrombosis of the Central Vein of the 

Retina. 


Untreated . 

Irradiation 

Heparin 


No. of 
cases. 

42 

12 

14 


C/30 or less. 
30 (80%) 

7 (58%) 

S (58%) 


Vision. 


G/20 to C/10J* 0/7 to C/G. 

2 (5%) 4 (9%) 

4 (33%) 1 (9%) 

3 (21%) 3 (21%) 


Reference to Tables 1 and 2 will show that, though the number of 
treated cases is rather small, there does seem to be a definite improve- 
ment in the visual end results with either irradiation or heparin therapy 
with the results a little in favor of the heparin. Thus, in cases of central 
vein thrombosis, vision of 6/20 or better was obtained in only 14% 
of the untreated cases, in 42% of the irradiated cases, and in 42% of 
the heparin treated cases. In the cases of tributary vein thrombosis, 
vision of 6/20 or better was obtained in 49% of the untreated cases, in 
62% of the irradiated cases, and in 91 % of the heparin treated cases. 


Table 2. — Visual Results in Thrombosis of Tributary Retinal Veins. 


Untreated . 

Irradiation 

Heparin 


No. of 

cases. C/30 or le-s 

OS 35(51%) 

13 5 (3S%) 

11 1(9%) 


Vision. 


G/20 to C/10. CVtoOC, 

2S (4 1 %) 5fS%> 

3(24%) 5{3S%) 

7(04%) 3(27%) 
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McCullough, of Toronto, has told me personally of favorable results 
in cases of retinal vein thrombosis treated with heparin. Personally, 
I have observed recently a case of thrombosis of the central vein treated 
with heparin in which the hemorrhages had been completely absorbed 
from the retina within 0 months after the onset, and vision had returned 
to G/G. In fairness, however, I should state that during essentially 
the same period, another case of thrombosis of the central vein cleared 
up completely under treatment only with potassium iodide and vision 
of G/G was regained in this case also. On the basis of the results re- 
ported so far, it would seem well worth while to try these methods of 
treatment in cases of thrombosis of either the central or a tributary 
retinal vein if the case is seen reasonably soon after the occurrence of 
the thrombosis. 

Henry P. Wagexer, M.D. 
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UNUSUAL SYMPTOMATOLOGY WITH TUMORS OF THE CERE- 
BELLUM BASED ON 158 VERIFIED CASES. 
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John E. Webster, M.D., 
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Laurence M. Weinberger, M.D., 

PHILADELPHIA, PA. 

(From the Neurosurgical Service of the Hospital of the University of Pennsylvania.) 

The diagnosis of the presence of a tumor of the cerebellum pre- 
sents few difficulties in the typical case. However, in the absence of 
characteristic neurologic signs, localization may be uncertain. The 
obscure case of cerebellar tumor may be attended by unexpected 
complications for which the surgeon may be totally unprepared. 
This report proposes to call attention to unusual cerebellar symptom- 
atology and findings which are emphasized in order to clarify 
diagnosis of the atypical case. The unusual rather than the usual 
findings have determined the pattern of this report. 

The point may be raised that final decision in a questionable 
diagnosis of tumor of the cerebellum rests upon results of ventrie- 
ulographic study. This is unquestionably true in most instances. 
However, it is equally true that the interpretation of the ventriculo- 
gram is aided by an appreciation of all clinical possibilities. Also, 
doubtful pneumographic findings occur, and frequently in the 
clinically puzzling cases. 

The material presented includes the diagnostic findings present in 
15S cases of verified tumor of the cerebellum. The review is sum- 
marized graphically where possible. A number of findings required 
a more detailed analysis. These will be considered and. when 
pertinent, illustrated by case reports. 

Summary of Findings. Conruhions. Motor convulsions were 
present in 21 and attacks of loss of consciousness occurred in 12 cases. 
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making a total of 34 instances of the convulsive state (21.5%). In 11 
instances the lesions, in this group of patients, was in the midline; 
in 22, in the right or left lobe of the cerebellum. In 1 case the tumor 
was reported as invading both cerebellar lobes. Papilledema was 
present in greater or in less degree in 31 cases. One patient had no 
papilledema; in 2 there was no record of the fundus examination. 
The manifestations of the convulsive state were as follows: 


Type or Coxvm-sioNs 


Type Instances 

Segmental —clonic 7 

Generalized: 

Clonic 3 

Tonic 11 

Syncopal 13 


Autopsies 

3 

3 

4 
3 


Age Incidence 


Cases 



Duration of Symptoms to Time of Operation 


Cases 



Chart 1 . 


Svncopal attacks which occurred commonly in an early or middle 
period of the patient’s disease may be illustrated by the following 

instance: 


1 —A 25-year-old woman, complained of pain in the right ear, 
headtfche, unsteadiness of gait and numbness of the right side of the face in 
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April, 1925. Symptoms were first noticed in October, 1923, when she 
experienced pain in the back of the head and in the neck. In February, 
1925, the patient noticed difficulty in walking and impairment of vision in 
the right eye. In March, unsteadiness of gait increased. She had twitching 
of the muscles of the right side of the face and lips. During this month also 
she had fainting attacks which occurred 4 to 5 times daily. During the 
attacks which lasted about 1 minute, she was unconscious and became 
cyanotic. Recovery was rapid as profuse perspiration occurred. Neurologic 
examination showed the patient to be hypotonic. Three diopters of papill- 
edema were present in the right eye and 2 in the left. Incoordination could 
not be demonstrated in the extremities although the patient tended to fall 
to the right in gait testing. Horizontal nystagmus was present on lateral 
gaze; there was a weakness of the right side of the face. At operation, a cyst 
of the right lobe of the cerebellum was evacuated. 

An example of the clonic-segmental type of convulsion is shown 
by the following case which is described in brief: 

Case 2.— A 38-year-old male carpenter, was well until December, 1930, 
when he began to vomit. In April, 1931, headache followed upon attacks 
of vertigo. At this time, also, the patient began to have spells of shaking in 
both upper extremities. The tremors were rapid and coarse occurring every 
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Position of Tumor 
Cases 



imrtlmc mictlinc 
Cn.vitT 2. 


2 days. Examination the following month showed a mentally dull patient 
who held his head in pain. There was a moderate hypotonia of the left 
upper extremity; finger-to-nose testing showed a slight ataxia and dysmetria 
of the right upper extremity; rapidly alternating movements were impaired 
in both hands. The patient was tillable to raise himself from the dorsal 
decubitus position without the use of the arms. Reflexes were pendulous in 
the lower extremities. There were 2 diopters of papilledema present. 
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\ystagmus was absent. _ While being examined, the patient liad “mild, 
fairly rapid, pseudo-clonic jerkings of the shoulder girdle muscles, the 
muscles of the arm and forearm lasting for 30 seconds. There was no typical 
distribution of the clonic contractions. They were not the usual flexor 
type seen in cortical irritation and they caused no regular pattern of move- 
ment of the extremities. Palpitation of the muscles during the convulsions 
indicated that the contractions were more of the nature of a clonic affair 
than a tremor." Routine Roentgen studies were normal. A ventriculo- 
grany was. recommended to localize the lesion. The patient was given a 
colonic irrigation because of constipation and because an enema was con- 
sidered unwise in view of the unknown localization of the tumor. After an 
hour of irrigation, the patient was described as the picture of shock. At 
this time Dr. Charles H. Frazier saw him have “a definite clonic convulsion 
of his upper extremities.” Death occurred 12 hours after a ventricular 
trephine. Autopsy showed a pronounced hydrocephalus with a pressure 
cone and a right cerebellar cyst. 

T is mil Field Dejects. Significant and confusing alterations in the 
visual fields were found to be present in S cases. Reliance placed 
upon the perimetric examination as a diagnostic aid served to make 
the occurrence of such defects a false localizing sign of major im- 
portance. The defects were classified as follows, some of which are 
demonstrated in Figure 1: Homonymous hemianoptic defects, 4; 
bitemporal hemianoptic defects, 1; unclassifiable, 3. 

Case 3 demonstrates how such a finding may confuse the diag- 
nosis. 

Case 3.— The patient was a 54-year-old male. A year before admission, 
he noticed a dull ache in the back of his neck. This became increasingly 
severe. Four months before admission, his gait became unsteady. Irrita- 
bility and failing memory with drowsiness then became outstanding com- 
plaints. The neurologic examination was inconclusive insofar as furnishing 
localizing information. There were marked mental disturbances and 
questionable aphasic manifestations. Roentgen examination of the skull 
showed the pineal body calcified and in the midline. The optic disks were 
normal except for the presence of a small flame-shaped hemorrhage in the 
right retina. The visual acuity seemed normal to the examiner although no 
visual notations were made. Perimetric examination revealed the presence 
of a right homonymous hemianopsia. Although the available findings sug- 
gested a lesion either in the occipital or temporal lobe, the lack of evidence 
of increased intracranial pressure made pneumographic studies necessary 
for precise diagnosis. Ventriculography showed a marked symmetrical 
dilatation of the ventricular system. In view of this, a suboccipital crani- 
ectomy was performed. A cystic hemangioma was found in the left cere- 
bellar lobe. 

Other Ophthalmologic Findings. Papilledema was present in 126 
instances and absent in 15. In the remaining 17, the finding was not 
recorded or was equivocal. Of the 15 cases in which papilledema 
was absent, 3 were 13 years old and the remainder were in the age 
group of 20 to 41. The survey Roentgen examination in this group 
was negative in 9 cases. In 7, ventriculograms were made and a 
showed hvdrocephalus. In 2, unsatisfactory encephalograms were 
done. The onset of symptoms in the group showing no papilledema 
dated from 2 weeks to 1 year before admission. In - cases tnc 
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patients died unexpectedly, 1 in spite of emergency surgery. Al- 
though papilledema was absent, hydrocephalus was found either by 
ventriculography or autopsy in 9 cases. 



Fid. 1 . — Uopr<>M>nti\ti\e visual field ehnrts of a group of 8 patients showing confusing defects. 
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The complaint of impaired or failing vision was common, being 
present in 50% of the cases. In 6 instances, tin's complaint was 
present in the absence of papilledema. Eleven patients were blind 
in both eyes; 3 had unilateral loss of vision on admission. Three of 
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the 11 patients who were completely blind at the time of admission 
had rapid loss of vision through a period ranging from 8 weeks to 
3 months which was associated with marked papilledema. Two 
patients had sudden, complete loss of vision. None of the group, who 
was blind on admission, recovered sight. 


Lumbar Puncture 



Caloric Study 



Cases 
50 T 



Chart 5. 


Transient attacks of blindness occurred in 5 patients. This was 
always a late symptom. One of these patients described frequent 
attacks of blindness. About once an hour she became “stone blind 
for 2 or 3 minutes.” Between attacks she thought her vision normal. 
(Measurement of acuity was 0, 9 02.) Papilledema of 5 diopters was 
present. 
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^ isual hallucinations were complained of by 8 patients. The 
hallucinations were described as follows: 

1. Saw different colors before eyes. 

2. Saw wild cherries, grapes, haystacks and fires burning. 

3. Saw streaks before eyes which were dark during the day and 
light at night; at night frequently saw balls of light before the eyes. 

4. Hallucinations wherein the patient stopped his truck thinking 
that he had seen a bad accident. 

5. Had hallucinations of formed images of men and autos. 

6. Saw scotomata and shadows. 

7. Saw scotomata early; this was followed by subjective images of 
dogs, cats, mice, bugs, spiders, light flashes. 

S. Saw light flashes and subjective images. 

All these 8 patients noted concomitant impairment of vision. 
Advanced papilledema was present in each. 

It is noteworthy that 11 patients had third nerve palsies, in 2 
instances bilaterally. In I case this finding led to an incorrect 
supratentorial exploration. 

The majority of cases showed nystagmus. In 41 instances, how- 
ever, this sign was absent. Moreover, incoordination was absent 
in 8 members of this group and reported as minimal in 4. AH except 
2 of the 41 cases showed evidence of increased intracranial pressure 
either by Roentgen study or by the presence of papilledema. A 
right or left lobe tumor was present in 29; a midline tumor in 12. 

Vertical nystagmus was observed in only 18 patients. In 17 eases 
of the 18 horizontal nystagmus was also present. A midline tumor 
was found in 12 of these patients while in 6 the lesion was located in 
either cerebellar hemisphere. 

Lumbar Puncture. Lumbar puncture was performed in 50 cases. 

It is noteworthy that in 11 the spinal fluid pressure was within nor- 
mal limits (100 mm. to 200 mm. of water). In these 11 cases papill- 
edema was absent in 4. The remaining 7 showed variable degrees of 
papilledema. 

Roentgenographic Studies. In 108 cases a survey roentgenologic 
study was made. Two-thirds of these studies were reported 
negative. Approximately one-third of the cases showed Roentgen 
evidence of increased intracranial pressure. Other qualified diag- 
noses in addition to increased intracranial pressure signs were as 
follows: 

Calcification in the tumor mass 2 

Rarefaction in bone overlying the lesion 3 

Petrous ridge erosion " 

Parasellar lesion in right middle fossa 1 

Ventriculography was performed in 37 cases. In a number of 
instances, ventricular estimations were carried out. The finding of 
bilaterally enlarged ventricles, in the latter procedure precluded 
the necessity of air injection. An internal hydrocephalus was oi> 
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served in 21 of the 37 studies. In 2 cases, the diagnosis of “top 
normal” ventricles was made. A supratentorial localization was 
incorrectly made in 5 cases. Two other patients were diagnosed as 
having third ventricular tumors. Lateral ventricular defects were 
noted in 5 cases; in 2 of these a defect was present in the body of 
one ventricle; in 2, a unilateral posterior horn deformity was diag- 
nosed and in one there was asymmetry of the lateral ventricles, 
ihree cases showed defects in the fourth ventricle, one accompanied 
by hydrocephalus. 
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Sensory Phenomena. Sensory complaints and signs were not 
rare. Numbness of the face was complained of by S patients. 
Paresthesias including the tongue, arm, hands, trunk, fingers and 
lower extremities were noted in 1 1 cases. Anesthesia of one cornea 
was present in 7 instances. Questionable findings upon the latter 
point were excluded. Objective impairment of sensation in the 
remaining distribution of the fifth nerve was observed in 3 of the 7 
patients. Four members of this group also had facial palsies. 

Caloric Examination. In 14 cases the caloric examination failed 
to indicate the presence of posterior fossa tumors which were subse- 
quently found. In 5 instances the examination was misleading, 
suggesting a supratentorial lesion. Review of these cases failed to 
suggest any correlation of findings to account for the re.- tilts of the 
examination. 
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Jcndmi Reflexes, ilic tendon reflexes did not appear to conform 
to a uniform pattern. In the majority of cases, the tendon reflexes 
mere normal Exaggerated reflexes, either unilateral or bilateral, 
ncic encountered in 4-1 cases, while in 33 clonus or an extensor 
plantar reflex was elicited. 

_ Cranial Nerve Palsies. A facial palsy was definitely reported in 
17 cases. In 19 a slight facial palsy was recorded, and in 6 others 
this sign was indicated as being questionable. Symptoms referable to 
the eighth nerve were present in 57 patients. Deafness or impaired 
hearing was present in 28 cases and tinnitus was complained of by 29. 
Four cases presented the syndrome of the cerebello-pontine angle, 
having palsies ot the 7th, Sth and 5th nerves. In each instance, no 
compression of the nerves could be visualized at operation. In addi- 
tion, 6 cases showed involvement of the 7th and Sth nerves and 3 
of the 7th and 5th. 

Discussion. The diagnosis of tumor of the cerebellum is both 
aided and complicated by the development of a rapid and early 
hydrocephalus which results from the strategic position of the tumor. 
Although increased intracranial pressure is characteristic of the cere- 
bellar syndrome, false localizing signs may arise from the secondary 
hydrocephalus produced. As a result, early focal signs may be lost 
or overshadowed by prominent secondary effects. Collier 1 drew 
attention to the occurrence of false localizing signs due to increased 
intracranial pressure. He concluded that in the presence of ad- 
vanced tumor of the brain with hydrocephalus, focal signs lost 
importance. 

It has been suggested that false localizing signs due to increased 
intracranial pressure and hydrocephalus are cerebellar in character. 
Nystagmus, hypotonia, tremor, staggering and deviation in walking 
are frequently noted. Examples of such instances have been re- 
ported by Young, 34 Bramwell, 3 Oppenheim, 170 Spiller, 24 Rhein 20 and 
others. Wakeley and Allen 27 stated that cerebellar signs which are 
not absolutely definite and develop with or after the appearance of 
general symptoms of increased intracranial pressure are false localiz- 
ing signs and as such are of no value whatever in determining the 
site of the lesion. 

In our experience there are other false localizing signs which 
occurred in the presence of tumors of the cerebellum with secondary 
hydrocephalus which deserve emphasis. The role that increased 
intracranial pressure plays in the production of these signs, we 
believe, is dominant. Evidence on this point is shown in the occur- 
rence of convulsions and visual field defects which are discussed in 


retail. 

Convulsions. The tonic “cerebellar fit” has been recognized as 
the characteristic convulsive pattern frequently present in patients 
with tumor of the cerebellum. Description of this type of comm - 
don was made by Wurffbain 33 in 1691 and later defined by J ackson. • 
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Attention has been given mainly to the tonic convulsion although 
it has been recognized that other patterns occur. This fact is men- 
tioned by Jackson himself who quoted case reports of clonic con- 
vulsive movements in patients with tumor of the cerebellum and by 
Oppenheim , 175 Stewart , 25 Collier 4 and others. Collier in particular 
emphasized the occurrence of clonic as well as tonic convulsions as a 
false localizing sign in cases of tumor of the cerebellum when in- 
creased intracranial pressure was established. 

A consideration of the findings here reported showed that a 
variety of types of convulsions occurred. These ranged from syn- 
copal attacks located at one end of the “convulsive spectrum” to 
tonic fits at the other. Attention in the literature has been given 
mainly to the tonic cerebellar fit and a number of explanations have 
been offered to account for it. It is logical, however, that if other 
varieties of convulsive seizures occur, they too demand an explana- 
tion. Furthermore, it is reasonable to suspect that a common 
mechanism accounts for the various convulsive manifestations. 

A review of the literature on this subject was recently made and 
reported . 28 A conclusion arrived at was that both the tonic cere- 
bellar fit and the other types of convulsive phenomena were expres- 
sions of temporary cerebral anemia. This explanation was based 
upon the experimental work of Cushing, 5 * Eyster, Burrows and 
Essick , 9 and Wolff and Forbes , 32 all of whom showed that sudden 
increases of intracranial pressure produced convulsions. The con- 
vulsions were the result of the temporary cerebral anemia caused 
by elevating the intracranial pressure above the systolic blood pres- 
sure. The same chain of events may follow when a patient with 
increased intracranial pressure suddenly increases the pressure by 
straining at stool, vomiting, struggling, and so on. The tonic cere- 
bellar fit was therefore described as a decortication phenomenon not 
as a dccercbration phenomenon for it does not seem likely that cere- 
bellar tumors can cause a physiologic transection of the brain stem. 
Tonic fits may be seen in a variety of pathologic conditions which 
have in common physiologic or pathologic decortication. 

It was also pointed out that ischemia of the brain may manifest 
itself initially by exaltation of function accounting for the occa- 
sional presence of convulsions of the cortical excitatory type. On 
the other hand, syncope may be the first and the mildest expression 
of transient cortical ischemia. 

In brief, there is sufficient physiologic information at hand to 
account for the occurrence of various types of convulsions with 
tumors of the cerebellum on the basis of alterations in cerebral blood- 
flow. These alterations in bloodflow can be occasioned by transient 
changes in the relationship of the intracranial pressure to the systolic 
blood pressure. 

Visual Field Defects. For the purposes of focal neurologic diag- 
nosis, it is gencraliv accepted that visual field defects indicate direct 
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involvement of the visual pathways at some point. This is thought 
to be so reliable that often intracranial operations are planned and 
performed solely on the information obtained from examination of 
the visual fields. 

In the material reviewed, visual field defects resulting from the 
effects of distant lesions upon the visual pathways were noted in 
8 cases. In most instances they appeared so significant to the 
examiners that the diagnoses were confused and it became necessary 
to rely upon pneumographic studies to establish the correct site of 
the tumors. 

Although visual defects are an unusual finding in cases of tumor 
of the cerebellum, a number of cases have been reported. Gowers' 2 
was aware of their occurrence; Oppenheim 17 * mentioned that he had 
seen the middle portion of the optic chiasm so compressed by a 
bulging third ventricle that in 1 case “only two thin threadlike 
processes showed the course of the optic nerves.” The latter stated 
that cerebellar tumors may produce ventricular distention and so 
be the cause of a bitemporal hemianopsia. Wohhvill 31 also stated 
that in hydrocephalus, the protruding third ventricle may compress 
the chiasm against the sella and produce bitemporal hemianopsia 
or simple optic atrophy. Cushing cited a case of distended third 
ventricle resulting from a blocked cerebral aqueduct which produced 
a combination of optic atrophy and bitemporal hemianopsia. 
Cushing and Walker, 7 in an early paper, discussed the occurrence 
of binasal hemianopsia associated with cerebellar tumors. 

Theoretically at least, since internal hydrocephalus and a dis- 
tended third ventricle eventually accompany all cases of cerebellar 
tumors, evidences of chiasmal compression should not be unusual. 
This is apparently not the case. In many instances the hydro- 
cephalus is minimal and the patient is operated upon before late 
symptoms occur. The anatomic relationship between the third 
ventricle and the chiasm is a second factor. As Schaeffer 23 showed 
in his fundamental anatomic researches on the optic chiasm, this 
structure is not always in the same position. In only 12% of the 
bodies examined was the relationship exactly as depicted in standard 
anatomies. Thus, variations in the position of the chiasm allow 
many different anatomic relationships with the downwardly distend- 
ing third ventricle. 

De Schweinitz, 8 in the Bowman Lecture, devoted a section to 
anomalies of the arteries comprising the Circle of Willis. He 
described how indentations of the optic nerves and chiasm could 
be produced by these vessels if, as frequently occurs, the chiasm were 
dislocated. He showed how the posterior communicating artery, 
as it runs beneath the optic tract, could produce an homonymous 
hemianopsia if the distended third ventricle pushed the optic nerve 

against the vessel. _ , 

In the group of patients with visual field defects here reported, a 
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marked distention of the third ventricle was found in every case in 
which ventricular studies were performed or where necropsy was 
permitted. It is reasonable to believe that the distended third 
ventricle may have produced the defects found. As a corollary 
point, the presence of a visual field defect in a case with increased 
intracranial pressure does not exclude the presence of a tumor of 
the cerebellum. 

OtJier Ophthalmologic Findings. Papilledema was reported as 
absent in 15 cases in which a tumor of the cerebellum was later 
found. It is recognized that this absence is not unusual in the 
presence of widened cranial sutures. Twelve of the cases, however, 
were beyond 20 years of age. In a number of instances, absence of 
this finding confused the diagnosis. 

Jackson 146 in 1881 reported upon the absence of choked disk in 
•3 patients, 2 of whom had lesions of the cerebellum, van Wagenen 26 
reviewed 1 year’s series of cases from Cushing’s clinic and found 
that of 45 subtentorial tumor cases, 6 showed no papilledema. 
Three of these were cases of cerebello-pontine angle tumors. Cush- 
ing and Bordley, 6 in a clinical and experimental investigation of the 
subject, stated that they believed that the tendency of disks to 
develop papilledema varied greatly, thus accounting for variations 
in the presence of increased intracranial pressure. The literature 
indicates that the finding of papilledema in patients with a tumor 
in the posterior fossa is apparently higher than in cases with supra- 
tentorial lesions. Paton 18 and Brain 1 found normal fundi in approxi- 
mately 20% of cases with supratentorial tumors. Others have 
reported an even higher percentage. The strategic position of the 
posterior fossa tumors would seem to account for the difference. 
The fact remains, however, that papilledema may be absent in the 
patient with a tumor of the posterior fossa although elevation of 
the intracranial pressure exists. 

The incidence of failing visual acuity was high in patients with 
tumors of the cerebellum. Eleven cases were totally blind at the 
time of admission to the hospital while 3 were blind in one eye. 
Cushing 56 reported a similar high incidence of visual loss. Of 
61 cases of mcdullo-blastomata, 26 were reported to have .impaired 
sight at the time of admission and 9 were blind. Cushing 5 ® pointed 
out that the “symptomatic onset (of a case of tumor of the cere- 
bellum) may relate to vision alone.” This observation has been 
confirmed. 

Transient attacks of blindness occurred in 5 patients and was of 
late occurrence in the course of the patient's disease lasting from a 
few minutes to several hours. De Schwcinitz s stated that periods 
of temporary amaurosis may occur as part of the ocular symptom- 
atology of hypophyseal tumor exactly as they do in ordinary brain 
neoplasms. “They depend upon pressure on the chiasma from the 
third ventricle.” The fact that such attacks were observed to occur 
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only late appears to support De Schweinitz’s observation. Cush- 
ing, 6(1 however, reported a case in which the onset of the patient’s 
illness was marked by periods of fleeting blindness. An alternate 
explanation may be transient disturbances in central bloodflow— 
the blindness expressing the disturbance in the occipital lobes. 

. r lhe occurrence of visual hallucinations in eases of tumor of the 
cerebellum is an interesting finding. There were 8 such instances 
concerning which the information appeared to be reliable. The 
localizing importance of this finding has been emphasized in neuro- 
ophthalmologic literature, and modern textbooks of neurology sug- 
gest that it is possible to differentiate a lesion of the temporal pole 
from that of the occipital on the basis of the type of visual hallucina- 
tion experienced. Brain and Strauss, 3 Wechsler, 38 Grinker 13 and 
Purves-Stewart 19 in their textbooks stated that visual experiences 
associated with lesions of the occipital lobe are confined to flashes 
of light and color and other so-called simple phenomena, while 
complex and elaborate images are found associated with lesions of 
the temporal lobe. According to these concepts, it would appear 
that visual hallucinations due to other lesions are unusual. Their 
occurrence in patients with tumors of the cerebellum, therefore 
constitute false localizing signs. Weinberger and Grant, 30 in a 
review of the subject of hallucinations associated with brain tumors, 
pointed out that the current conceptions of the localizing value of 
hallucinations may not be in keeping with the facts. The concept 
that certain areas of the cortex are so highly organized psychically 
as to produce visual hallucinations on stimulation by a tumor is 
neither sound physiologically nor psychologically. Visual halluci- 
nations are highly integrated and complicated psychologic phe- 
nomena and require the activity of the entire' brain. They may be 
excited, as these writers have shown, from any level of the neuro- 
optical apparatus. In their analysis of the published cases of hal- 
lucinations accompanying brain tumors, they pointed out that no 
localizing significance can be attached to the complexity of the 
images seen; that the hallucinations do not necessarily appear in 
the hemianoptic field and that tumors invading only the optic 
nerves may yield hallucinations indistinguishable from those, re- 
ported in occipital or temporal lobe tumors. The hallucinations 
that occurred in patients with tumors of the cerebellum add 
further evidence to support that conclusion. It would be reason- 
able to suspect the dilatation of the third ventricle with compression 
of the optic chiasm as the cause of the phenomenon. 

In the material reviewed, there were 41 cases in which nystagmus 
was absent and IS which showed vertical nystagmus. Holmes 13 
stated that very few lesions of the cerebellum fail to show nystag- 
mus in some form or other. This finding,, he reported, was absent 
in 3 cases of gunshot injuries that he studied but it occurred m al 
of his cases of cerebellar tumors. The presence of this finding, ue 
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have noted, focuses attention to the cerebellum immediately; when 
absent, however, doubt as to posterior fossa localization was raised 
in a number of cases. Nystagmus is apparently considered to be an 
important criterion of cerebellar disease. 

Cushing 50 pointed out in a review of cases of astrocytoma of the 
cerebellum that “nystagmus is often wholly absent or represented 
by merely a few fine, poorly sustained twitches.” Keschner and 
Grossman 15 reported horizontal nystagmus as present in 23 of 29 
cases of intracerebellar tumors. In 9 instances, the nystagmus was 
also vertical in direction. These authors further stated that they 
did not find any correlation between the degree of intracranial pres- 
sure or the degree of asynergia and nystagmus. We were able to 
confirm this statement. 

Vertical nystagmus was noted by Holmes 15 to “ occur more com- 
monly when the vermis was involved though it may be seen when 
the injury is limited to one half of the cerebellum.” Of 18 instances 
of vertical nystagmus which were observed in our series, 12 patients 
had lesions involving the vermis. Fisher and Glaser 10 have empha- 
sized the point that the presence of vertical nystagmus is pathogno- 
monic of intrinsic brain disease since the phenomenon is never 
produced by a peripheral lesion. 

Lumbar Puncture. It is interesting that lumbar punctures were 
performed without untoward results in 50 cases with tumors of the 
cerebellum. In 11, the pressure was normal. In 4 of the latter 
group, papilledema was absent, thus serving to confuse the diag- 
nosis. A number of observers commenting on this finding felt that 
the absence of increased intracranial pressure, as indicated by the 
intraspinal pressure, ruled out the presence of a posterior fossa 
tumor. Although Cushing 50 suggested that lumbar puncture was 
“hazardous as it may tend to a sudden wedging of the bulb,” 
others have not found it so. Masson 10 ® reported 32 cases of tumor 
in or around the cerebellum in which serious symptoms did not fol- 
low the withdrawal of a small amount of fluid by lumbar puncture. 
Earlier recognition of cases with tumor of the cerebellum may 
account for hospitalization before clinical evidence of increased 
intracranial pressure occurs. Thus a tumor of the cerebellum appar- 
ently cannot be ruled out on the basis of either a normal spinal fluid 
pressure or absent papilledema. 

Rocntgcnographic Studies. Survey Roentgen examination aided 
in diagnosis by showing signs of increased intracranial pressure in 
one-third of the cases examined. Indirect localizing signs of tumor 
other than well-known evidences of increased intracranial pressure 
were wanting except in a few instances. Rossier- 1 has reported a 
characteristic deformity of the basilar plate in 14 of 28 cases of 
cerebellar tumor, an interesting finding upon which our material 
does not permit comment. Masson 10 ’’ reported an incidence of ]2 r f 
of calcification in 25 cases of medullo-blastomata and 20 r ( in 
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29 cases of astrocytomata. Although we have found a low inci- 
dence of calcification, this finding may be an aid to diagnosis as 
Roentgen technique and apparatus improve. 

There was ventriculographic evidence of a posterior fossa tumor 
in 21 of 37 instances in which the procedure was performed, a pro- 
cedure reserved for cases of obscure diagnosis. In 12 cases, the 
Roentgen evidence suggested supratentorial lesion. Ventricular 
estimation employed in place of ventriculography was a source of 
error in 3 of the total of 5 incorrect final diagnoses resulting in supra- 
tentorial explorations. 

Sensory Phenomena. Subjective sensory complaints were not 
unusual and have been occasionally reported by others. Sargent 
and Greenfield, 22 in the case of a cyst of the cerebellum, reported 
that the patient had attacks of a tingling sensation in the left arm 
extending to the face. Similar types of sensory attacks were 
present in 1 1 members of our group of cases. Loss and diminution 
of corneal sensation were also observed. It would appear possible 
that sensory phenomena occur probably as a result of increased 
intracranial pressure as pointed out by Collier. 4 

Caloric Examination. Caloric examinations which were carried 
out in 41 patients of this series were misleading in 5, suggesting a 
lesion above the tentorium, and normal in 9. Various results have 
been reported as to the efficiency of this diagnostic procedure which 
appears to depend upon the astuteness of the examiner. Fisher 
and Glaser 10 reported excellent localizing results. Of 25 cases, only 
3 were not localized to the side of the lesion and but 1 was wrongly 
placed. On the other hand, Keschner and Grossman 15 stated that 
in 29 cases, the “results of the tests were in full accord with the 
neurologic results in 6 cases.” They believe that the caloric tests 
are considerably more valuable and reliable in localizing cerebello- 
pontine angle tumors than intracerebellar lesions, a conclusion which 
we support. 

Tendon Reflexes. In our records, tendon reflexes showed a re- 
markable variation, a feature of cerebellar disease which has been 
noted by others. 511 15,27 Holmes 13 emphasized the significance of the 
pendulous tendon reflex. This was infrequently observed in the 
patients of this series. Our findings correspond to those of Cushing’s 
who noted dampening of the deep reflexes until the intracranial 
pressure increased with internal hydrocephalus and there was direct 
compression of the brain stem involving the pyramidal tract. We 
believe with others that in cases of tumor of the cerebellum, the 
reflexes have little localizing value. 

Cranial nerve palsies were frequent and, in a number of instances, 
confused the diagnosis. A paralysis of the third nerve was observed in 
11 cases. The syndrome of the cerebello-pontine angle was clear- 
cut in 4 cases. Complete or incomplete involvement of the third, 
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fourth, fifth, sixth, seventh and eighth cranial nerves was frequent. 
Holmes 13 stated that true ocular palsies never result from lesions 
limited to the cerebellum. Thus, again there is evidence to show 
the role of increased intracranial pressure in producing false signs 
leading to error in diagnosis or management. 

Summary. A review has been made of 158 cases of tumor of the 
cerebellum from the standpoint of unusual symptomatology and 
findings. The analysis was undertaken in order to clarify the obscure 
type of case by an understanding of false localizing signs which 
occur with increased intracranial pressure. 

Attention was directed to the occurrence of convulsions and visual 
field defects which were found to occur in patients with tumor of 
the cerebellum. 

Ophthalmologic findings, spinal fluid pressure, Roentgen findings, 
sensation, caloric examination results, cranial nerve involvement 
and tendon reflexes were briefly discussed. 

The usual findings in cases of cerebellar tumor were charted. 
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CEREBROSPINAL FLUID PROTEIN VALUES DETERMINED BY 
TYROSINE EQUIVALENT METHOD. 

By T. U. Marron, M.S., 

CHEMIST FOR THE DEPARTMENT OF PATHOLOGY, IOWA LUTHERAN HOSPITAL, 

DES MOINES, IOWA. 

(From the Department of Pathology, Iowa Lutheran Hospital.) 

The determination of spinal fluid proteins has not kept abreast 
with the accuracy generally achieved in clinical chemistry. The old 
method of adding a protein precipitant to the spinal fluid and com- 
paring the resulting cloudiness with turbidity standards has long 
been recognized as grossly inaccurate. Recently these errors have 
been subjected to analysis. 3 At best, even the values found to fall 
in the lowest ranges have been only poor guesses. Protein values for 
pathologic fluids obtained by mere comparison of turbidity are 
always subject to uncertainty. Varying concentrations of other 
constituents affect the quality of the precipitate, therefore, the light 
absorption, transmission, reflection and dispersion. 

Several investigators using the Dennis-Ayer method have claimed 
that the use of a colorimeter appreciably reduces the errors of this 
turbidity method. A claim of agreement within 12 mg. per 100 cc. 
between this method and Kjeldahl methods has been made. 1 This 
still leaves a high percentage of error when it is considered that 
often the total protein value is not twice that figure. The work of 
Merritt and Fremont-Smithy undoubtedly the most comprehensive 
in the literature, outlines in detail a modification of the Dennis-Ayer 
method; and the conclusions listed are based mainly on determina- 
tions performed by that method. At about the time this mongrapli 
appeared, Johnston and Gibson 2 published a procedure which is 
highly accurate and practical for the determination of spinal fluid 
protein. These workers modified the method which employs the 
Folin-Ciocalteu phenol reagent to determine the tyrosine equivalent 
of the protein present, and in their publication gave a graph showing 
the distribution of 500 spinal fluid protein values done routinely for 
the Department of Neurology. 

Wien we began using the Johnston and Gibson modification in 
this laboratory we were asked to give the normal range for the 
method. In the course of determination of this range we also col- 
lected data on many pathologic fluids. There is an absence in the 
literature of data on either the normal or pathologic values for 
cerebrospinal fluid proteins by this method. We, therefore, present 
our findings in both instances. 

Method and Material. — The method used for determination of spinal 
fluid protein was that described by Johnston and Gibson. 2 All fluids were 
drawn and stored under sterile conditions. Analyses were performed on the 
fresh specimens, with the exception of about 150 samples which were aged 
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about 2 days. This period of aging for sterile fluids was proved to have no 
effect on the protein value. Specimens were obtained by lumbar puncture. 
Some fluids from patients with cord tumors came from different levels. 
About 250 analyses were performed by the Department of Pathological 
Chemistry, State University of Iowa, on fluids from the University Hos- 
pital. Of the specimens analyzed in our laboratory 200 were furnished by 
Dr. L. P. Eistine, Mt. Pleasant State Hospital; the remainder were ob- 
tained from private patients in the Iowa Lutheran Hospital. Diagnosis in 
all cases represents concurrence of opinion of two or more staff members at 
these institutions. When a diagnosis of more than one pathologic condition 
was made, the condition probably having the greatest effect on the protein 
was selected for classification. 

Discussion. The findings on spinal fluids from 100 persons diag- 
nosed as normal are summarized in Table 1. 

Table 1.— Spinal Fluid Pjrotein Values for Normal Persons. 

Diagnosis: Normal. 

Age: Eight months to 72 years. 

Number of cases: 100 (male and female). 

Spinal fluid protein: Average, 31.6 mg. per 100 cc. Range, 15.4 to 46 mg. 
per 100 cc. 

Distribution: 

G% of the cases had a protein concentration less than 20 mg. per 100 cc. 

37% had 20 to 29.9 mg. per 100 cc. 

37% had 30 to 39.9 mg. per 100 cc. 

20% had greater than 40 mg. per 100 cc. 

The occurrence of three values between 45.0 mg. per 100 cc. and 
46.0 mg. per 100 cc. pretty well fixes the upper limit of normal for 
this series at 46.0 mg. per 100 cc. Because of the wide margin of 
error in preexisting methods, values heretofore were usually given 
in multiples of five. 

A scatter diagram was made for spinal fluid values against the 
ages of the subjects. The only order recognizable in this table was 
the occurrence of ages under 1 year in the region of protein concen- 
trations less than 20 mg. per 100 cc. Concentrations in fluids from 
persons over 60 years of age had a tendency to be high. The three 
highest normal values, however, were from persons 30 to 40 years 
of age. 

The protein values which may be expected in pathologic condi- 
tions are indicated in Table 2. 

In many instances it may appear that there are not sufficient eases 
to draw valid conclusions about the range or average value. Never- 
theless, the conclusions indicated by these cases coincide sufficiently 
well with the extensive work of Merritt and Fremont-Smith 4 to 
warrant the publication without further accumulation of data. 

To determine what relation the normal average protein value of 
31.6 mg. per 100 ce. for both sexes bore to the average for each sex 
the figures were averaged separately. Seventy per cent of the 
100 cases were males with an average protein value of 32.6 mg. 
per 100 cc; 30% females with a corresponding value of 27.5 mg. 
per 100 cc. 
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lluit body dehydration has little effect on spinal fluid protein 
concentration is shown in Table 3. 

Table 2.— Spinal Fluid Protein Values in Various Pathologic Conditions. 


Protein concentration. No. of cases 


Diagnosis. 

No. of 

Average 

Range 

above 

46 mg. per 

caves. 

(mg. per 100 cc.). 

(mg. per 100 cc.). 

100 cc. 

Organic psychoses with: 
Senility 

14 

49 9 

23 6-203 0 

4 • 

Alzheimer's disease (autopsy) 

2 

53 9 

44 5- 63 4 


Cerebral at teriosclerosis 

17 

37 9 

23 0- 64 8 

4 

Neurolues (all types) 

40 

56 S 

11 0-156 0 

21 

Brain tumor ... 

20 

119 3 

14 0-540 0 


Brain abscess .... 

3 

492 0 

51 0-S77 0 


Cerebral embolism . 

10 

47 0 

24 0- 91 0 

6 

Cord tumor 

10 

139 1 

14 0-538 0 


Syringomyelia .... 

2 

12S 0 

57 0-199 0 


Paralysis agitans 

2 

24 5 

24 0- 25 0 


Multiple sclciosis 

20 

39. S 

17.0- 77 0 

5 

Meningitis 

9 

25S 7 

19.0-912 0 


Myelitis 

7 

78. G 

27.0-216 0 


Encephalomyelitis . 

8 

14S 0 

26 0-272 0 


Poliomyelitis .... 

3 

SO 0 

37 5-163 0 


Infectious polyneuiitis . 

3 

57 4 

52 0- G3.3 


Encephalitis: 

Traumatic 

2 

40 0 

36 0- 44 0 


Epidemic 

2 

53 0 

49 0- 57 0 


Chronic .... 

14 

47 2 

16 0-221.0 

3 

Chronic alcoholism . 

4 

57 9 

47 5- 75 0 


Acute alcoholism 

7 

40 1 

27 7- 48 S 


Drug addiction .... 

3 

39.5 

26 0- 47 2 


Neuritis and alcoholic neu- 
ritis 

17 

56 7 

22 0-122 0 

8 

Neuralgia 

10 

35 5 

28 0- 52 0 

1 

Migraine 

3 

25 0 

24 0- 26 0 


Hypertension .... 

5 

32 S 

24 0- 37 0 


Pernicious anemia . 

3 

36.3 

35 0- 39 0 


Miscellaneous organic dis- 
eases 

5 

42.2 

28 5- 55 0 


Functional psychoses: 

Manic depressive (all types) 

17 

33 0 

17 0- 71 0 

3 

Involutional melancholia 

11 

3S 9 

24 1- 47 0 

2 

Dementia prrecox 

28 

34 7 

21 0- 57 0 

6 

Epileptic 

IS 

36 S 

23 0- 64 0 

3 

Paranoia and paranoid con- 
dition 

2G 

31 1 

17 0- 57 0 

1 

Psychoneurosis and neurosis 

27 

30 0 

IS 0- 41 0 


Mental deficiency 

10 

42.0 

20.0-114 0 

4 

Without psychoses: 

Chronic alcoholism . 

32 

34 3 

19 0- 45 7 


Mental deficiency 

S 

35 4 

23 0- 48 0 

1 

Psychopathic personality . 

4 

36 2 

2S 0- 41 0 


Cardiac and gall bladder dis- 
ease 

5 

32 6 

16.0- 42 0 


Arthritis of spine 

6 

45.0 

31 0- 60 0 


Noneurol. diagnosis (uremia) 

7 

55.9 

47.0- 70 0 



Table 3. — Spinal Fluid Protein Values in Cases of Dehydration. 

Protein concentration. 


State of dehydration. 
Moderate 

Extreme . • • 


Average Range 

Cases, (mg. per 100 cc.). (mg. per 100 cc.). 

.14 34 9 27.7-45.2 

. 7 35 6 22. S— 45.2 
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These figures are drawn from cases of psychosis, epilepsy, paranoia, 
and neurosis having protein values lower than 46.0 gm. per 100 cc. 
Cases with values above this are worthless for drawing a conclusion 
in this instance. 

Summary. 1. Total proteins have been determined by the 
tyrosine equivalent method on 550 cerebrospinal fluids taken from 
persons in health and disease. 

2. The upper limit of normal values has been found to be 46.0 mg. 
per 100 cc. The ranges for pathologic values agree well with gen- 
erally accepted figures in the literature. 

3. The average protein values for females is less than that for 
males. 

4. Dehydration does not appreciably affect the protein concen- 
tration. 
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NOTE ON A CRETIN'S RESPONSE TO TYPHOID 
INOCULATION. 

By Nell Hirschberg, Pii.D., 

INSTRUCTOR IN BACTERIOLOGY AND PUBLIC HEALTH, 

AND 

I. P. Bronstein, M.D., 

ASSISTANT PROFESSOR OF PEDIATRICS, UNIVERSITY OF ILLINOIS COLLEGE OF MEDI- 
CINE; ATTENDING PEDIATRICIAN, COOK COUNTY HOSPITAL, 

CHICAGO, ILL. 

(From the Departments of Bacteriology and Public Health and of Pediatrics [Endo- 
crine Clinic], University of Illinois College of Medicine, and Research 
and Educational Hospitals.) 

The relation of the endocrine glands to the mechanism and mani- 
festations of the immune state has been discussed for a great many 
years. In an early book on the endocrines, Bandler 1 (1921) stated 
that, “The maintenance of the normal state in the various structures 
of the body is vested in the ductless glands, and immunity, or lack 
of immunity to various diseases is more than probably one of the 
most direct evidences of their important function.” Mills, 15 in 
showing the effect of external temperatures on resistance, recently 
stated that, “Resistance to infection is closely dependent on body 
combustion level and ease of body heat loss,” factors controlled 
in part by the endocrines. Cannon 7 cites references to hormones 
as one of the non-specific mechanisms of defense. 

Experimental studies have been mainly concerned with the extir- 
pation of specific glands, followed by a study of the immune re- 
sponse of the animals subjected to such procedures. Launov and 
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Levy-Bruhl 15 surveyed the literature to 1915 and saw clearly the 
confusion, which exists to this day, in experimental work on this 
subject. For example, they report the work of Fassin and Marbe, 
who observed a decrease in the immune reaction in thyroidectom- 
ized animals, of Lerda and Diez who observed exactly the opposite 
effect, and of Fjeldstad, who noted no differences in his series of test 
animals. Launoy and Levy-Bruhl 15 removed the thyroid (and also 
the spleen) from chickens and noted no interference with the devel- 
opment of Spirochxla gallhwrum infections, indicating no increase 
in immunity. Garibaldi 12 found that the natural heterohemolytic 
power of the serum of thyroparathvroidectomized dogs is higher 
than that of normals. Iloussay and Sordelli 14 obtained conflicting 
results following the removal of the thyroid from different animals. 
They observed a weaker antibody response in the rabbit and horse 
and an increase in the antibody response of the dog. Parhon and 
Ballif 17 noted that the removal of the thyroid had an attenuating 
action on anaphylactic shock in guinea pigs and permitted the ani- 
mals to survive. This may be taken to indicate a decrease in 
immune response, rather than an increase. Stschedrowitzky and 
coworkers 19 noted that the production of antibodies in thyroidectom- 
ized animals is considerably weaker after the operation and re- 
mained so when tested 0 months later. Haber, 13 in studying the 
receptivity of rabbits to viruses, noted that thyroidectomy had no 
effect upon the time of development of encephalitis following infec- 
tion with herpes virus. M. and A. Dereviei 9 noted increased im- 
mune reactions following removal of the thyroid from rabbits. 
The extirpation of the thyroid enhanced the activity of the spleen 
and is the possible explanation, say these authors, for the increased 
activity of the immune reactions. They reiterated that thyroid 
activity is antagonistic to splenic activity. Eickhoff and coworkers 10 
found the Arthus phenomenon to be inhibited in sensitized rabbits, 
following thyroidectomy. Artificial stimulation with thyroid hor- 
mone increased the reactions of rabbits in anaphylactic shock. 
Cope and Kapniek 8 showed that the complement content decreased 
in the blood of thyroidectomized rabbits, while the response to 
vaccinia virus of the rabbit is not altered by the operation or by 
injected thyroxin. In addition, they noted that alterations in 
complement concentration are not related to the cevitamic acid level 
in the blood. 

The relationship of thyroid function to immunity in the human 
has not been discussed extensively. For a number of years, we 
have been interested (from a clinical point of view) in the incidence 
of various infections in our thyroid-deficient children before and 
after therapy. No definite conclusions have been drawn. We were 
able to study a 22-year-old cretin, who had not been treated with 
thyroid and* who was available for immunologic experiments. 


Case Recort. F. D., a 22-year-old white male, a typical sporadic cretin, 
entered our institution on March 22, 1940, and remained 134 days, until 
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August 1, 1940. He was a full term infant, second born of a normal 
9-month pregnancy, with 1 hour labor. The father is Polish, the mother 
American born, but of Polish descent. There are 6 other living children, 
4 sisters and 2 brothers. The girls and the 8-year-old brother are well at 
present, but the 13-year-old boy is also a classical hypothyroid. (Familial 
sporadic thyroid deficiency is a rarity in this country.) When the boy 
reached the age of 3 years, the mother sought medical advice, because he 
did not grow and develop like the first child; his skin was very dry, the 
tongue was large, as were also the head and abdomen. The parent stated 
that the child stayed in the hospital for 1 year, at the end of which time 
he sat, walked and ate by himself, all of which he could not do before. 
From the age of 4 until the present time, the boy’s condition was neglected. 

Upon entrance, F. D. weighed 46 pounds and was 38.) inches tall, the 
development being about that of a 7- to 9-year-old. He spoke only in 
monosyllables, 18 carried out a few simple commands, and had an intelli- 
gence quotient of a 3-year-old child. 4 ' 0 The dwarfed stature and mental 
inadequacy, in addition to supraclavicular fat pads, macroglossia/' large 
abdomen and dry skin readily identified him. 

Roentgenograms of the bones revealed marked retardation of skeletal 
growth, with fragmentation and stippling of the epiphyses of the humeri 
and femori. The ossification at the wrist corresponded to that of a 6-year- 
old. Mixed dentition of the permanent and deciduous teeth was present.” 
The films of the heart revealed a cardiac enlargement which was also 
found on percussion and the electrocardiograph showed low voltage in all 
levels. 3 The systolic blood pressure was 118 and the diastolic SO. 

The initial blood cholesterol was 534 and then fell to normal upon admin- 
istration of thyroid extract. 2 ' 0 ' 6 Basal metabolic determinations were im- 
possible because of lack of cooperation. Urine and spinal fluid chemical 
examinations were entirely negative. The Schick and Dick tests were 
negative upon entrance. 

Complete blood count: Hemoglobin, 11.5 gm.; erythrocyte count, 
4,250,000; white blood cell count, 6200; mycloid-erythroid ratio, 6%. 

Differentials: Neutrophils, 4S%; lymphocytes, 30%; stab cells, 13%; 
mononuclears, 13%. 

Blood Kahn and Wassermann tests and spinal fluid Wassennann tests 
were negative. 

Cevitamic acid determination, 1.75 mg. per 100 cc. blood. 

Liver function test: Intravenous bromsulphalein, 40% dye in 5 minutes; 
0% dye in 30 minutes. 


After 

At thyroid 

entrance. therapy. 

Blood scrum calcium S 70 9 1 

Blood serum phosphorus 4.02 4 4 

Blood scrum phosphatase 2 50 G.9 


Experimental Study. We studied the patient's response to 
typhoid vaccine. An agglutination test performed April 20 was 
negative. The patient received 0.5 cc. of stock typhoid vaccine 
April 23, and 0.75 cc. April 30. An agglutination test was per- 
formed May 2 and was negative. The patient received 1 cc. of 
stock typhoid vaccine May 7. Agglutination tests performed 
May 9 and May 13 were negative. The test was again negative 
on June 20, when thyroid extract therapy was started, A grain daily. 
The dose was increased June 28 to 1 grain daily. An agglutination 
test performed that day showed partial agglutination. 1 to 80 dilu- 
tion. The clumps were readily dispersed. The dose of thyroid 
extract was increased to 2 grains daily and was maintained after 
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the patient left the hospital. He has been seen regularly since that 
time and has greatly improved physically. On February 1 , 1941, 
an agglutination test showed a strong positive titer of 1 to 8(L 
The clumps could not be dispersed. 

The phagocytic activity of the patient’s cells for staphylococci 
and streptococci were studied and were found to be identical with 
the. normal controls. No attempt was made to immunize the 
patient to these organisms. No change in phagocytic activity was 
found after the administration of thyroid extract. Normal adults 
' before and after prolonged administration of thyroid extract showed 
no variations in phagocytic activity. 

Conclusion. It appears that the patient showed no response to 
typhoid inoculation in the absence of thyroid activity. Following 
the administration of thyroid extract, antibody response was noted. 
This would seem to indicate a relationship between thyroid func- 
tion and immune response. 

Further studies of this relationship are indicated. 
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MODIFICATION OF RESISTANCE TO ANOXIA, WITH ESPECIAL 
REFERENCE TO HIGH ALTITUDE FLYING.* 

By Alvan L. Barach, M.D., 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE, COLUMBIA COLLEGE OF PHYSICIANS 
AND SURGEONS; ASSISTANT ATTENDING PHYSICIAN, PRESBYTERIAN HOSPITAL, 

Morris Eckman, B.S., 

AND 

Norman Molomut, Ph.D. 

NEW YORK. 

(From the Department of Medicine, CoUege of Physicians and Surgeons, Columbia 
University and the Presbyterian Hospital.) 

A MARKED lowering of the pressure of oxygen in an organ of the 
body produces temporary impairment of function or permanent 

* Read at the Association of American Physicians, meeting at Atlantic City. 
May 7, 1941. 
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pathologic damage, depending on whether the tissue cell is sensitive 
to oxygen-want or relatively insensitive. Thus, complete stoppage 
of the oxygen supply to the lower limbs by compression of the arteries 
in the thigh has been maintained for over If hours without impair- 
ing the function of the muscles of the legs subsequently. On the 
other hand, asphyxia of the human brain for 5 minutes may result 
in intracranial hemorrhage or death. Guinea-pigs die in convulsions 
after inhaling 100% nitrogen for 50 seconds, which in itself is 
evidence of the special sensitivity of the brain to asphyxia. 

The importance of mild degrees of anoxia in clinical and aviation 
medicine has been emphasized in the past decade. Patients with 
congestive heart failure and pulmonary emphysema, who at times 
show no cyanosis and only a slight lowering of the arterial oxygen 
saturation (88 to 93%), may be relieved of dyspnea and other 
symptoms of anoxia by inhalation of oxygen-enriched atmospheres. 
Local tissue anoxia may be severe in the presence of a normal 
arterial oxygen saturation, as in occlusion of the coronary and 
cerebral arteries; other clinical syndromes are being recognized in 
which oxygen treatment of cell anoxia is of value, such as shock and 
cardiac pain. 

In studying the impairment of mental functioning at altitudes 
of 12,000 feet, we became impressed with the possible relation be- 
tween “pilot error” and continuous anoxia at that altitude. 2 
Recognition of the fact that emotional control and judgment are 
adversely affected by exposure to relatively mild degrees of oxygen- 
want is becoming general. On May 1, 1941, the Civil Aeronautics 
Board inserted the following amendment in its regulations: “61.743 
Oxygen Apparatus and Its Use. No air carrier aircraft shall be 
operated in scheduled air transportation at an altitude exceeding 
10,000 feet above sea level continuously for more than 30 minutes, 
or at an altitude exceeding 12,000 feet above sea level for any 
length of time, unless such aircraft is equipped with an effective 
oxygen apparatus and an adequate supply of oxygen available for 
the convenient use of the operating crew and proper use is made 
of such apparatus.” 

In the present world emergency, military flying has been con- 
ducted at altitudes so high that anoxia occurs, even with the inhala- 
tion of 100% oxygen. The effect of increasing altitude on the 
alveolar oxygen pressure even in the presence of 100% oxygen is 
illustrated in Chart 1. The uppermost rectangle schematically 
represents the proportions of water vapor, C0 2 and oxygen in the 
alveolar air at sea level. The blank white space contains nitrogen 
and the rare gases. The oxygen molecules are represented by 10 
black circles, illustrating an alveolar oxygen pressure of 103 mm. Ilg. 
The next rectangle shows the increased number of oxygen molecules 
in the lung at sea level when 100% oxygen is inhaled. The alveolar 
oxygen pressure under these circumstances is 673 mm. Ilg. When 
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the atmospheric pressure is reduced one-half, which occurs at an 
altitude of IS, 000 feet, the original volume of air in the lungs has 
been expanded to twice the volume present at atmospheric pressure. 
At 33,700 feet it will be observed that the same number of oxygen 
molecules is present in the space which represents the lung air as 
was present in the air breathed at sea level, namely 10 black circles, 
representing 103 mm. Hg alveolar oxygen pressure. However, at 
42,200 feet the volume of air in the lungs has been expanded to 
six times that present at sea level and the 5 black circles in the lung 
space now indicate an alveolar oxygen pressure of approximately 
50 xnm. Hg. It will be observed that the sum of water vapor and 
carbon dioxide occupy a proportionately larger percentage of the 
lung space at this high altitude. The pressure of CO; in the lung 
air is altered by the degree of hyperventilation. 


GAS ALVEOLAR 
BREATHED AIR A T- 



Since pressure cabins are not usually employed for altitudes of 
40,000 feet, at which pilots have already flown during this war, it 
seemed of interest to study the circumstances which might increase 
or decrease the fitness of the individual in respect to resistance to 
acute oxygen-want. These factors may also play a role in certain 
disease conditions discussed above, in which latent or overt anoxia 
is present. 

The first part of this paper illustrates a factor which aggravates 
the effects of anoxia, namely carbon monoxide poisoning as result 
of inhaling tobacco smoke. The second part deals with the increase 
in resistance to oxygen-want at high altitudes after total thyroidec- 
tomy. 

The smoke from cigarettes yields approximately 1% carbon 
monoxide by volume, from pipe tobacco about 2%, and cigars 
about 6% carbon monoxide. Investigators have differed in their 
estimation of the importance of carbon monoxide poisoning as 
result of smoking; some consider it negligible whereas others believe 
that dangerous symptoms may result. Jones and his associates 
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have reported 5% CO in the blood of persons in a smoke-filled 
room, and Iiartridge 3 asserts that there may be 6% saturation in 
the blood of a moderate cigarette smoker. Since little or no absorp- 
tion of carbon monoxide takes place from the mouth, the depth of 
inhaling and the length of time in which the inhaled puff is kept in 
the lungs are factors which cause variations in the results. We 
have made various investigations in 30 subjects but in this com- 
munication propose to summarize the results of 18 medical students 
who smoked 20 cigarettes from the time of arising to 3.30 p.m. 
when blood was drawn for the determination of carbon monoxide 
and the oxygen capacity. They were all individuals who considered 
themselves inhaling smokers and were specifically asked to inhale. 
The methods of analysis were those of Van Slyke. 7 

Chart 2. — Effect of Inhaling Smoking of 20 Cigarettes. 

CO saturation 
arterial blood. 


Case No. per cent. Remarks. 

1 2.2 Lowest result 

IS 12.3 Highest result 

Average 5.7 


(IS cases) 

The results are summarized in Chart 2 in which it will be seen 
that the lowest saturation of the blood with CO was 2.2% and the 
highest 12.3%, the average being 5.7%. Approximately one-half 
of the subjects tested had a carbon monoxide saturation of between 
5 and 10% after smoking 20 cigarettes with inhaling. The effect 
of CO in displacing oxygen from the hemoglobin becomes less as 
the blood is subjected to a lower oxygen tension (Peters and A ’an 
Slyke). 5 In an interesting study by Asmussen and Cbiodi 1 it was 
shown that the ventilation and circulation are not stimulated by 
severe CO poisoning, as in hypooxemia due to breathing lowered 
oxygen concentrations, but that an acute lowering of the oxygen 
pressure in the tissues of the brain and heart and other organs takes 
place, at least partly due to failure of the compensatory stroke 
volume of the heart. 

When a decreased saturation of the arterial blood with oxygen is 
present, such as at altitudes of 10,000 to 12,000 feet, when the pilot 
is not breathing oxygen, a saturation of hemoglobin between 6 and 
10% with carbon monoxide will aggravate oxygen-want in the 
tissues. This would also be true at altitudes above 33.700 feet, 
even though the pilot was inhaling 100% oxygen, since anoxia is 
present under these conditions, as seen in Table 1. Further studies 
are in progress to determine to what extent the oxygen tension of 
the tissues will be lowered by carbon monoxide saturation of the 
hemoglobin between 0 and 10%. 

The second factor to be presented in this paper is the effect of 
thyroidectomy on resistance to severe anoxia. In 1918 Strcuhli' 
reported that thyroideetomized rats were less dyspneic and showed 
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fewei signs of collapse when exposed to low barometric pressures, 
as compared to normal animals. He further showed that splenec- 
tomy decreased the tolerance to anoxia and that it also nullified 
the beneficial effects of thyroidectomy. 


Table I. —Survival of Tiiyroidf.ctomizei> and Normal Rats Exposed to Low 


Barometric Pressures for 

2 Hours. 


Barometric 

pressure 

Equivalent 

altitude 


Normals. 


Thyroidectomized. 

MM. 

feet. 

Stir. 

Died. % mort. 

Sur. 

Died. % mort. 

220 . . . 

. 30,000 

5 

0 

0 

5 

0 0 

20G . . . 

. 32,000 

9 

1 

10 

5 

0 0 

1S7 . . . 

. 34,000 

G 

4 

40 

5 

0 0 

170 . . . 

. 30,000 

1 

10 

91 

5 

0 0 

155 . . . 

. 38,000 

0 

5 

100 

0 

0 0 

141 . . . 

. 40,000 

0 

5 

100 

5 

1 17 

12S . . . 

. 42,000 

0 

5 

100 

4 

1 20 

Ill . . . 

. 44,000 

0 

5 

100 

3 

1 25 

105 . . . 

. 40,000 

0 

5 

100 

0 

3 100 

We studied 

the effect of 

thyroidectomy on 

mortality in rats 

exposed to Ion 

barometric 

pressures, as 

well 

as to 

low oxygen 


concentrations. The accompanying table shows the mortality 
after a 2-hour exposure to various barometric pressures. It will 
be seen that the difference between the normal and the thyroidec- 
tomy group is indeed remarkable. Normal animals die at an 
altitude of 34,000 feet whereas the thyroidectomy group is alive 
up to an altitude of 42,000 feet. In chamber experiments about 
75% of 30 thyroidectomized rats survived a 3-week exposure to 
6% oxygen whereas 80% of a similar number of normal rats were 
dead within a period of 12 to 36 hours. 

The importance of these observations . will depend upon the 
extent to which they may be made applicable to flying conditions. 
It seems likely that pilots whose basal metabolism is 20% above 
normal would withstand very high altitudes less well than pilots 
whose basal metabolism is 20% below normal. Furthermore, 
measures may be found which will make possible a temporary 
lowering of the oxygen consumption. The physiologic explanation 
of these results in thyroidectomized animals would appear to lie 
in a higher oxygen tension in the tissues of the operated animals, 
as result of a far lower consumption of oxygen in the individual cells. 

Conclusion. • Carbon monoxide poisoning as a result of inhaling 
tobacco smoke may under certain circumstances become a factor 
which impairs resistance to anoxia, especially when the pilot is 
traveling without oxygen at altitudes of 10,000 to 12,000 feet, and 
also in the presence of 100% oxygen at altitudes between 34,000 
and 40,000 feet. In 18 inhaling smokers, the average CO saturation 
of arterial blood was 5.7% after smoking 20 cigarettes from 9 a.j.i. 
to 4 P.M. Nine of the subjects had a carbon monoxide saturation 
between 5 and 10%. 

Rats who have been thyroidectomized show a remarkable increase 
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in resistance to very high altitudes. Normal rats die at 34,000 feet 
in a 2-hour period, whereas thyroideetomized animals survive at 
barometric pressures which correspond to an elevation of 42,000 
feet. The majority of thyroidectomized rats survive 3 weeks in a 
chamber kept at 6% oxygen whereas a similar percentage of normal 
rats die in 12 to 36 hours’ exposure to this low oxygen concentration. 

Additional studies are in progress to determine the significance 
of this degree of carbon monoxide poisoning as a result of inhaling 
tobacco smoke from cigarettes. The importance of variations in 
oxygen consumption is also being additionally studied in subjects 
exposed to low barometric pressures. 
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STERNAL MARROW CHANGES DURING THE FIRST WEEK 

OF LIFE. 

Correlation with Peripheral Blood Findings. 

By Lawrence M. Shapiro, M.D., 

ADJUNCT PEDIATRICIAN, BETH ISRAEL HOSPITAL, 

AND 

Frank A. Bassen, M.D., 

ASSOCIATE PHYSICIAN AND HEMATOLOGIST, BETH ISRAEL HOSPITAL, 

NEW YORK, X. Y. 

(From (ho Pediatric Service of Dr. Herman Schwarz and the Department of Hema- 
tology, Beth Israel Hospital.) 

The sternal aspiration method of studying bone marrow is one 
which permits repeated examinations at short intervals of time. It 
was felt that this procedure might thus be used to advantage in an 
attempt to explain certain well-known hematologic changes which 
occur in the peripheral blood during the neonatal period. 

At the time of birth, the blood of the normal infant* has a high 
content of red cells and hemoglobin and an elevated reticulocyte 
count, with a fall in red cells and hemoglobin soon after birth-- 3 - 7 - 9 — 

112 .« ,24 .25 .33.3S ,42 .-IS ,-l9a .50 .51 ,53 ,5S,59 ,f»5— 67,75a ,6.7C— 7S 'J’Jjp accepted explanation 

for these findings is that the change from low to high oxygen tension 
makes unnecessary in the newborn the large number of red cells 
which was required in the fetus. ! - ,o ::o :, -- 9 ' 5_,:,30 :!4 S5 - 3T <i ,7 S;: rT '''' ! '' , ' ::! 
Thus, a breakdown of redundant red cells takes place. 

* The infants studied were in the newborn nursery of the Jewi'-h Maternity 
Hospital. 
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The destruction of these red cells is generally believed to be due 
to some marked hemolytic process occurring in the blood stream. 
However, this idea of excessive hemolysis might be questioned in 
view of the sharp drop in reticulocyte percentage during the first 
week of life. 7 - 16 ' 24 ' 27,290 - 6 ' 300 - 6 - 41 ' 1 - 51 ' 63 - 76 ’ 78 

Along with the high red cell, hemoglobin, and reticulocyte levels 
at birth, there is also a high white cell count, which similarlv has 
been attributed to hemopoietic hyperfunction caused by require- 
ments of fetal existence. 7 But how can one explain the leukocyte 
changes during the first week, 6 “ 9 - ,2 - 14 - 26 ' 395 - 47 - 48 - 68 -65. 7 8 a t which time 
the white cell count decreases and the blood picture at birth becomes 
one of lymphocytic predominance? 

The present study was undertaken with the hope of advancing 
hematologic knowledge of the newborn period. By means of sternal 
puncture, we have sought to determine whether there was any cor- 
relation between the bone marrow picture and the peripheral blood, 
and whether the findings could point the way to a possible explana- 
tion for the changing blood picture in the neonatal period. 

Since Arinkin’s 40 introduction of the sternal aspiration method in 
1927, there have been many reports of the sternal puncture findings 
in infants and children; 16-19 ’ 23 - 28 ' 31 - 400 ' 8 - 416 ' 43 -* 16 ’ 60 ' 64 - 72 ' 74 but in only 3 of 
these has the method been described in detail. All used cut down 
lumbar puncture needles. Ivato 416 used a needle 4 cm. long, and 
Diwany 19 a needle cut short and fitted with a movable shield which 
could be fixed at any required distance; Vogel and Bassen 74 used 
an 18-gauge, {-inch (1.27 cm.) needle, but mentioned that a 20- 
gauge, {-inch (0.64 cm.) needle was preferable in infants under 
1 year. The method to be reported here utilizes this {-inch needle 
(Fig. 1). The procedure is simple and can be performed with safety 
and accuracy. 

The Study. Blood counts and sternal marrow aspirations were done on 
35 normal full-term infants (14 males, 21 females) in the first 24 hours of 
life and again 1 week later. The youngest was 2 hours old and the oldest 
was 23 hours at the time of the first examination. 

Examination of peripheral blood, taken from the big toe, consisted of 
RBC count, hemoglobin determination, WBC count, differential, and 
reticulocyte count.* 

The materials used in the sternal marrow aspiration were: 1, A dry 
sterile {-inch, 20-gauge lumbar puncture needle. 2, A dry sterile 20-cc. 
glass syringe (Luer type). 3, Iodine and alcohol. 4, Sterile cotton balls 
and gauze pads. 5, White blood cell pipette. 6, White blood cell diluting 
fluid (2% acetic acid solution). 7, Clean glass slides. 

* The diluent used in counting the RBC was Hayem’s solution; 2% acetic acid 
solution was used in the WBC count (a correction was made for nucleated RBC). 
The Hb was determined by the method of Sahli (100% = 14.5 gm.). 

The WBC differential was made by staining the spreads with Jenner and Giemsa 
stains and counting 100 cells. 

The reticulocyte per cent was determined by counting 1000 erythrocytes m a 
spread stained by a 1% alcoholic solution of brilliant cresyl blue and then by Jcnncr 
and Giemsa stains. 
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The advantages of using a short needle are: 1, There is no fear of danger- 
ous penetration into the chest cavity, for the hilt of the needle acts as a 
guard. 2, A small amount of material may be obtained without the possi- 
bility of admixture with peripheral blood. 3, Once the needle has pene- 
trated into the marrow cavity it can be held firmly in position. 

Technique. 1. The arms were immobilized at the sides and a pad was 
placed behind the shoulders in order to throw the head back. A nurse held 
the infant’s head in this position. 

2. The skin of the upper sternum was prepared with iodine and alcohol. 
No anesthesia was used. 



Fig. 1. — A 20-gauge lumbar puncture needle cut down to } inch length. 

3. The needle was inserted at the midline into the manubrium. This 
site was found to be best suited for puncture in infants because its slightly 
greater thickness permitted the needle to be well fixed in position. The 
needle was directed cephalad at an angle of about 45 degrees.* 

4. The trocar was removed and the syringe was attached to the needle. 
Suction was applied until the marrow material appeared in the neck of the 
syringe. If at first no material was obtained the trocar was reinserted and 
the needle rotated in situ. If this also failed, as occasionally happened, the 
needle was withdrawn completely and reinserted in a nearby spot. 

5. The needle and syringe were withdrawn and an alcohol sponge applied 
with gentle pressure to the puncture wound. 

6. The contents of the syringe were expressed on a glass slide. From 
this a count was made of the nucleated cells, including the megakaryocyte.-, 
and smears were spread. These were stained with Jenner and Giemsa 
stains, 500 ceLls being counted in the differential. 

* In infants and young children there i- complete absence of the sudden give, so 
characteristic in the adolescent and adult when the needle penetrate- through the 
hard outer l>ony shell into the marrow space. 



Tabi,e 1 —Individual Peripheral Blood and Mahroav Counts in First 24 Hours and 1 IVfek Later. 
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Classification of Bone Marrow Cells. The nucleated cells in the 
sternal marrow smears were identified according to the classification 
of 'Vogel and Bassen. 74 The cells noted were grouped under the 
following headings: Myeloblasts; Myelocytes; Eosinophilic myelo- 
cytes; Non-segmented neutrophils; Segmented neutrophils; Eosino- 
phils; Basophils; Lymphocytes; Megakaryocytes; Hematogones; 
Reticulum, cells; Nucleated RBC: Megaloblasts, Erythroblasts, 
Normoblasts. 

Results. In Table 1 are given the data for the individual infants, 
arranged according to their age at the time of the first examination. 
The second line of figures under each number represents the findings 
1 week later. Table 2 presents the average findings in the 35 infants 
studied. 

Age. At the time of the first examination, the age of the infants 
varied from 2 to 23 hours (average, 11.4). There were no significant 
differences according to age in hours during the first daj r of life. 

Sex. There were 21 females and 14 males. No important differ- 
ences existed because of sex. 

Weight. The weight averaged 7:2 (6:0-9: 7) at time of the first 
examination and 7:5 (5:14-9:12) a week later. We found no rela- 
tionship between birth weight and height of hemoglobin, 4911 nor were 
any other noteworthy differences found because of weight. 

Feeding. As may be noted in Table 1, most of the infants were 
breast fed, a few were on breast and formula, and a few were on 
formula exclusively. Consequently, no conclusions could be drawn 
from this factor. However, it does not seem likely that variations 
in adequate feeding should be of any consequence. 

Jaundice. Although jaundice was present in no infant on the 
1st or the 8th day, physiologic icterus occurred in 4 of the babies 
studied. This in nowise affected the hematologic picture. 

Peripheral Blood. Hemoglobin. On the 1st day the Hb varied 
between 102-172%, averaging 135% (19.8 gm.). A week later it 
varied between 90-168%, and averaged 121% (17.6 gm.). In some 
cases, little if any change took place. 

Red Blood Cells. On the fist day the RBC varied between 4.23- 
7.15 million (average, 5.53 million). A week later the count dropped 
to a range of 3.40-6.14 million (average, 4.8 million). In some 
cases, little if any change took place. It may be noted that in most 
of these latter cases, moreover, the Hb change was also negligible. 

White Blood Cells. On the 1st day the corrected WBC count 
varied from 12,100 to 43,250 (average, 24,000). A week later the 
count varied from 8350 to 27,650 (average, 14,200). 

Differential. The myeloid cells dropped from an average of 
70% down to 35% at the end of a week, with a shift to the nght 
taking place. The lymphocytes increased from 25% to 59%. There 
was no significant change in the monocytes. 



SHAPIRO, bassen: sternal marrow changes 
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Reticulocytes. On the 1st day the reticulocytes varied between 
1 _ 4 . 7 % (average, 2.3%); a week later the range was 0.1-1 .2% 
(average, 0.4%). 

Sternal Marrow. In a few cases not enough material was aspirated 
for a chamber count to be done, although spreads were made. 

Nucleated Red and White Cells. The range was approximately the 
same on the 1st and 8th day, and although some infants showed 
an increased count after a week, the average decreased from 186,000 
per c.mm. (54,000-358,000) to 134,000 (53,000-327,000). This dif- 
ference did not seem to be of great importance. 



Counts on first day 


Counts on eighth day 


Chart 1. — Peripheral blood and sternal marrow findings on 1st and Sth day. 
The first two columns under sternal marrow show a comparison between the myeloid 
cells and the nucleated red cells on the 1st and Sth day. A heavy black line sepa- 
rated these two cell groups. It will be seen that the two croups comprise atx>ot 
00% of marrow cells on both days. The figures of the 1st day total 101% because 
round figures were used. 


Megakaryocytes. On the 1st day the figures varied between 
0-264 per c.mm., whereas the range a week later was 0-220. Xo 
significant changes took place in this period of time. 

Differential (Chart 1). The myeloid series and the nucleated red 
blood cells comprised about 00% of the nucleated cells both on the 
1st and the Sth day; lymphocytes and hematogones made up mo<t 
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of the rest. However, a striking change in relation was noted in 
e\ er\ case after a week s time. On the first day of life the percen- 
tage of myeloid cells averaged 01% and the nucleated RBC 32% 
(1 6-4-49 %) . On the Sth day the myeloid percentage had increased 
to 77%, whereas the erythroid elements dropped sharply to 12% 
(5-23%). Thus, the My el oid/Ery th roid Ratio increased* from 1.9 
to 6.7. Presented in a slightly different fashion, there were about 
one-half as many nucleated RBC as myeloid cells on the 1st day 
but only one-seventh as many on the Sth day. 

T\bi.e 2. — Aierage Periphery. Blood *nd Marrow Corvrs iv Tirst 24 
Horns and I Wiek L\ter. 


All ca c es. Etmule- Males. 


— 

1st 

WL. 

1M 

Wk. 

1st 

Wk. 

Age in hrs 

24 hrs 

11 4 

later. 

24 hrs. 

11 3 

later. 

24 hrs. 
11 7 

later. 

Wt. (lbs. and oz.) 

Peripheral blood chamber count 

7:02 

7 05 

7.00 

7 03 

7.12 

7:13 

Hb., % . 

135 1 

120 G 

131 G 

117 1 

140 4 , 

125 7 

Hb., gm. per 100 ec. 

19 S 

17 0 

19 3 

17 1 

20 5 

18 3 

RBC (millions) 

5 5 

4 S 

5 4 

4 7 

5 7 

5 0 

WBC (thousands) 

24 0 

14 2 

24 9 

14 1 

23 0 

14 7 

Peripheral blood smear: 

Myelocyte . . . . 

0 S 

0 0 

0 9 

0 1 

0 S 

0 0 

Non-segmented 

13 5 

2 o 

12 3 

2 3 

15 4 

2 9 

Segmented 

54 G 

31 5 

54 5 

29 0 

54 6 

35 1 

Eosinophil 

0 9 

1 1 

0 9 

1 3 

1 1 

0 7 

Basophil 

0 3 

0 2 

0 4 

0 2 

0 2 

0 1 

Lymphocyte 

24 9 

5S 0 

26 4 

GO G 

22 7 

55 0 

Monocyte 

5 0 

G 1 

4 7 

G 5 

5 2 

5 5 

N. per 100 WBC . 

1 2 

0 1 

1 2 

0 1 

1 2 

0 0 > 

Reticulocyte, % 

2 3 

0 4 

2 4 

0 4 

2 2 

0 3 

Sternal marrow chamber count: 

Nucleated RBC and WBC 

1S5.S43 

134,200 

190,375 

103,520 

ISO, 714 

171,583 

Megakaryocytes 

Sternal marrow smear. 

58 7 

82 9 

74 3 

G2 3 

40 9 

105 3 

Myeloblast 

0 s 

1 5 

0 7 

1 5 

1 1 

1 5 

Myelocyte 

1G 3 

19 7 

17 0 

18 1 

15 9 

22 1 

Myelocyte Eo 

0 G 

O 6 

0 6 

0 G 

0 G 

0 5 

Non-segmented 

33 9 

43 5 

30 7 

45 1 

29 6 , 

41 0 

Segmented 

7 0 

10 4 

G S 

10 4 

7 2 

10 5 

Eosinophil 

2 0 

1 7 

1 9 

1 7 

1 G 

1 G 

Basophil . ... 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Lymphocyte 

3 S 

6 2 

3 4 

6 7 

4 2 

5 5 

Megakaryocyte 

0 1 

0 1 

0 1 

0 1 

0 0 

0 1 

Hematogono 

3 S 

4 S 

3 8 

5 4 

3 5 

3 9 

Reticulum 

0 0 

0 1 

0 0 

0 0 

0 0 

0 2 

Megaloblast 

0 1 

0 1 

0 1 

0 1 

0 1 

0 0 

Ervthroblast 

1 0 

0 5 

1 1 

0 5 

1 0 

0 5 

Normoblast 

30 S 

11 0 

28 0 

10 0 

35 1 

12 5 

Total nucleated RBC 

31.9 

11 G 

29 2 

10 G 

30 3 

13 1 

Myeloid/Erythroid ratio 

1 9 

G 7 

2 2 

7 3 

1 5 

5 9 


Examination of the figures for the myeloid cells in Tables 1 and 2 
revealed that with few exceptions the non-segmented neutrophils 
were the most abundant on the 1st day and that they showed the 
greatest increase at the end of the week. There was also an average 
increase in the myelocytes and segmented neutrophils. 
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The lymphocytes and the hematogones each represented about 
4% of the nucleated bone marrow cells in the 1st day. The increase 
by the 8th day was slight. 

Discussion. Peripheral Blood. Comparing our figures with those 
of others, we note that in general our findings in the peripheral blood 
agree with those of earlier investigators. Here it is important, not 
that figures reported by various authors have differed from one 
another, but that they have indicated the direction of the changes 
in the blood during the neonatal period. 

Hemoglobin. It has been established that the high hemoglobin 
content of the blood diminishes within the first few weeks of life. 
Regardless of when the greatest drop takes place, 13 .22,24,32,42,00 our 
cases showed a fall from 135% (19.8 gin.) on the 1st day to 121 % 
(17.6 gm.) a week later. Mackay’s 490 figures in the same period of 
time fell from 19.7 to 17.9 gm., and Sanford’s 57 fell from 18.8 to 
15.6 gm. 

Red Blood Cells. Our cases had an average count of 5.53 million 
on the 1st day. This coincides closely with the figures of Lucas 48 
(5.51 million), Mitchell 53 (5.68 million), Faxen 24 (5.78 million), San- 
ford’s 57 (5.8 million), and Slawik 65 (5.85 million). On the 8th day 
our cases averaged 4.8 million, Lucas’ 48 averaged 4.5 million, San- 
ford 57 averaged 5 million and Faxen’s 24 averaged 5.12 million. 
Wollstein, 78 on the other hand, found the RBC count on the 7th day 
to be higher than at birth, falling below birth level early in the 
second week. 

White Blood Cells. It is universally agreed that the high white 
cell count at birth falls during the first week of life, the figures 
varying with different investigators. On the 1st day we found 
24,000, Bakwin and Morris 8 reported 20,300, Lippman 47 found 
22,500 at 12 hours, and Frank 26 found 29,000 at 12 hours. On the 
8th day our cases averaged 14,200, Bakwin and Morris’ 8 10,200, 
Frank’s 26 10,700. 

Differential. Here too there is unanimity of opinion, namely, 
that the large number of myeloid cells at birth becomes reduced, 
with a shift to the right taking place at the end of the 1st week, 
at which time the picture also shows lymphocytic predominance. 
Our figures of 70% myeloid cells on the 1st day and 59% lympho- 
cytes on the Sth day are almost identical with those summarized 
by Baar and Stranskv." 

Reticulocytes. Of great significance is the drop in reticulocyte 
percentage which takes place during the 1st week of life. This 
finding is unquestioned. Our figures dropped from 2.3% in the 
first 24 hours to 0.4% on the Sth day. For the same period of time. 
Faxen 24 reported a fall from 2.2% to0.3S%, and Merritt and David- 
son 51 found a drop from 3.4% to 0.17%. Kruinbhaar’s 43 counts, 
starting at 4.5% 4 hours after birth, dropped to 1.7% at the end 
of 24 hours and were stabilized at 0.3% by the 10th day. Woll- 
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stein’s 78 figures for the 1st day were 1. 2-2.6%, falling below 0.5% 
by the 10th day. 

Bone Marrow. Before attempting to compare our study with 
those of others who have carried on similar investigations in this age 
group, it would be wise at this point to summarize briefly the essen- 
tial findings (Chart 1) : In the 1st day of life the myeloid cells (61 %) 
and the nucleated RBC (32%) comprised over 90% of the nucleated 
cells in the sternal marrow. The most abundant single cell type 
was the non-segmented neutrophil (34%), closely followed by the 
normoblast (31%), after which came the myelocyte (16%) and the 
segmented neutrophil (7%). 

After a week’s time the myeloid cells (77%) and the nucleated 
RBC (12%) still made up almost 90% of the bone marrow cells, 
but the former group had increased and the latter had dropped 
sharply. On the 8th day the non-segmented neutrophil (43%) was 
still in first place, but the myelocyte (20%) had replaced the normo- 
blast (11%) for second place. The segmented neutrophil followed 
with 10%. 

The small percentage of lymphocytes and hematogones increased 
but slightly by the end of the 1st week of life. 

The work of Tecilazic 69 in 1935, although not strictly comparable 
because lie aspirated tibial marrow, is of great interest. In a small 
series of cases he compared the marrow picture with the peripheral 
blood smear. He too found that at birth the myeloid and erythroid 
elements comprised over 90% of all the nucleated cells; on the 7th 
day these two groups totalled slightly under 90%. However, in 
Tecilazic’s cases the nucleated RBC (66%) far exceeded the myeloid 
cells (30%) at birth. On the 7th day he found the relationship to 
be reversed. Comparing his series with ours, we note: 


Tecilazic 1st day 

7th day 

Shapiro and Bassen ... 1st day 

Sth day 


Myeloid, Erythroid. M/E Ratio. 


30 66 0.5 

48 40 1.2 

61 32 1.9 

77 12 6.7 


Tecilazic stated that during the first week intense regeneration 
of the granulocytes occurred, especially among the younger forms 
(non-segmented neutrophils, myelocytes, and myeloblasts), while in 
the peripheral blood the granulocytes diminished. The author 
made no attempt to explain his findings, nor did he investigate the 
changing red cell picture in the peripheral blood. 

Lamy and his coworkers reported sternal marrow findings in the 
newborn in 1935 18 and in 1939. 46 In the earlier paper, devoted 
chiefly to the bone marrow findings in the adult, they stated that 
no important differences from the adult myelogram were found m 
infants over 6 months of age. Figures reported for only 1 infant 
on the 1st day of life showed 45 % nucleated RBC. Further investi- 
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gations were cited in the later paper. Although no tables of figures 
were given, several interesting conclusions were reached: 

1. At birth and during the first few days there are 35-50% 
nucleated RBC, the great majority of which are normoblasts. At 
this time, there is a high percentage of granulocytes, especially of 
the young forms; and the number of lymphocytes is very slight. 

2. In the course of the 1st week, the nucleated RBC fall to 25- 
35%; the granulocytes increase, especially the segmented neutro- 
phils; and the lymphocytes also increase. 

Despite the fact that the percentage of nucleated red cells here 
given is somewhat higher than our own, the above conclusions are 
in general agreement with our findings, except that we found, as 
did Tecilazic, that the greatest increase at the end of the week was 
among the younger granulocytes and not the segmented neutrophils. 
In 1938 Veeneklaas 72 reported on the sternal puncture in children, 
dividing them into various age groups. The investigator felt that 
Group I, consisting of 3 infants below the age of 14 days, was too 
small to be of any value statistically. However, it is of interest 
to note that the average figures for that group are quite similar to 
our averages for the 8th day. # 

Myeloid. Erytiiroid. M/E Ratio 

Veeneklaas 67 12 .5.6 

Shapiro and Bassen 77 12 6.7 

Comment. After reviewing the literature, we believe that our 
findings in the present study lend confirmation to some already 
established facts and also throw new light on the hematologic pic- 
ture of the neonatal period. 

White Blood Cells. It is reasonable to regard the leukocyte 
picture at birth as a reflection of hemopoietic hyperactivity during 
fetal existence. Evidence of this is the high cell count and presence 
in the blood of immature myeloid cells. It has been assumed that 
the drop in the white cell count and. disappearance of the immature 
myeloid cells at the end of the first week are peripheral manifesta- 
tions of decreased production of granulocytic leukocytes. 7 Our bone 
marrow findings offer another possible explanation for the change 
which takes place in the white cells. Although the blood differen- 
tial reveals a shift to lymphocytic predominance at the end of the 
week, the absolute number of lymphocytes is but slightly higher 
than in the 1st day of life, whereas the myeloid elements show a 
marked relative and absolute decrease, with a shift to the right 
taking place. Since the myeloid cells, especially the younger forms, 
have actually increased in the bone marrow, it is suggested that 
during the 1st week of life there is a decreased release of the neutro- 
philic cells into the blood stream. 

Bed Blood Cells. The high red cell and hemoglobin content of 
the blood in the 1st day of life is a carry-over from fetal existence. 
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where low oxygen tension made necessary an abundance of oxygen- 
bearing cells. Stimulation of hemopoiesis toward this end is seen 
in the high percentage of nucleated red cells in the sternal marrow 
and in the peripheral blood findings of normoblasts and an elevated 
reticulocyte percentage. 

At birth, the human organism is cast into a new environment, 
with the onset of respiration making necessary certain important 
physiologic changes. _ Basic needs must be met in a different man- 
ner, and the hemopoietic system adjusts itself accordingly. 

As the result of some unknown mechanism the formation of red cells 
is curtailed. This is seen by the sharp drop of erythroid elements 
in the bone marrow and by the decrease of reticulocytes in the 
peripheral blood. 

Many investigators agree with us that some drop in red blood 
cells and hemoglobin begins during the 1st week of life. On the 
other hand, the bone marrow findings of decreased red cell produc- 
tion do not necessarily contradict the reports of others 15 .k.s*.32.«.«.«s. 7« 
who have found a fall in red blood cells and hemoglobin taking place 
only after the 1st or 2d week; for it is known that changes in the 
bone marrow may precede peripheral blood changes by a variable 
length of time. The drop in the reticulocyte percentage during the 
1st week is apparently a peripheral reflection of the decreased eryth- 
roblastic activity noted in the bone marrow. 

The idea of curtailment of red cell formation during the neonatal 
period is not an original one. Maekay 496 suggested it, Josephs 390 ' 1 ' 
discussed it, and Faxen 24 emphasized it. 

In 1936 Josephs 396 wrote, "One may regard the processes which 
regulate the level of hemoglobin and red cells as tending to a state 
of equilibrium which is ... . adjusted .... at a level .... that 

is 'normal’ for a given set of conditions The infant is born 

with a level of hemoglobin .... above that which is normal for 
extra-uterine life. As a result, all signs of regeneration quickly • 

disappear and the hemoglobin falls ” Our point of view is 

completely in accord with that of Faxen, who said, “To understand 
all changes in the red blood picture it is important to bear in mind 
that the percentage of morphological elements and hemoglobin 

depends on two factors, new formation and destruction It 

appears as if the function of the bone marrow .... has been pushed 
too much into the background The rapid fall in the reticulo- 

cyte values in the first week of life, found by all investigators, indi- 
cates that a reduced new formation of blood cells plays an important 
part in the change occurring in the blood during the first week.” -■» 

Heretofore, the neonatal fall 'in red cells and hemoglobin has 
generally been attributed to excessive peripheral destruction of the 
superabundant red cells carried over from fetal life. Evidence in 
favor of this is by no means universally accepted. On the other 
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hand, the bone marrow and reticulocyte changes offer clear-cut 
evidence of diminished red cell formation. 

The question arises whether both processes occur at the same 
time. Although it is possible that following birth some increased 
peripheral destruction of red cells may take place, the bone marrow 
evidence of decreasing erythropoietic activity in the 1st week of life 
could, by itself alone, account for the changes which take place in 
thcfred blood cells during this period. These findings suggest that 
the red cell level falls because of decreased production while the rate 
of destruction remains constant. 

The fact that formation of new red cells by the bone marrow is 
curtailed may explain why, after birth, there is an increasing deposi- 
tion of iron in the infant liver. 1 - 61 This latter finding has been held 
as proof of accelerated blood destruction. In contradiction to this 
idea, however, it is evident that if the bone marrow has cut down on 
red cell production, it has no great need of the iron derived from red 
cells which continue to break down. 

Conclusions. Peripheral blood studies and sternal puncture exam- 
inations were made on 35 normal full-term infants in the 1st 24 hours 
of life and again 1 week later. 

In the peripheral blood our findings agreed with those of many 
other investigators. We noted initial high levels of RBC, lib, 
WBC, and reticulocytes. There was a moderate decrease in BBC 
and Hb, a sharp fall in WBC and reticulocytes, and a change in the 
differential from myeloid to lymphocytic predominance at the end 
of the week. 

The most striking finding in the bone marrow was a marked drop 
in the ervthroid elements at the end of the 1st week of life. This 
finding, reflected in the peripheral blood by the decreasing reticulo- 
cytes, is evidence of curtailed production of new red cells. Conse- 
quently, we offer the idea that the fall in RBC and Hb which takes 
place after birth is primarily the result of physiologic disintegration 
.of_thc-superabundant red cells carried over from fetal life, in the 
presence of diminished erythropoiesis. 
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EFFECT OF TOPICAL APPLICATION OF 2-METHYL-1.4-NAPH- 
THOQUINONE (SYNTHETIC VITAMIN K ANALOGUE) ON 
THE PROTHROMBIN LEVEL OF NEWBORN INFANTS. 

With Reference to a Simplified Micro-prothrombin Test. 

By H. IC. Russell, M.D., 

ATTENDING PHYSICIAN, INTERNAL MEDICINE, GRASSLANDS HOSPITAL, VALHALLA, N. Y.; 

PATHOLOGIST, ST. AGNES HOSPITAL, WHITE PLAINS, N. Y. 

AND 

Robert C. Page, M.D., 

CLINICAL ASSISTANT PHYSICIAN, GRASSLANDS HOSPITAL, VALHALLA, N. Y.J ASSISTANT 
PHYSICIAN TO THE DISPENSARY, NEW YORK POST-GRADUATE HOSPITAL, NEW YORK; 

ASSISTANT PHYSICIAN, VANDERBILT CLINIC, PRESBYTERIAN HOSPITAL, 

NEW YORK. 

Hemorrhagic disease of the newborn is now known to be a 
type of vitamin K deficiency caused by a hypoprothrombinemia 
which occurs during the first few days of life. 1 ' 8 * 14 - 16 In most new- 
borns physiologic hypoprothrombinemia lasts only a few days and 
the prothrombin level reaches normal in G to 10 days, probably 
because of the establishment of a bacterial flora in the intestinal 
tract following the ingestion of food. 13 "' 6 ' 11 

The physiologic hypoprothrombinemia of the newborn may be 
prevented by giving vitamin IC orally soon after birth. 2 - 5 - 1210 The 
prothrombin level of the newborn may also be increased by giving 
vitamin K to the mother previous to delivery. 6 - 9 - 16,17 There are 
obvious disadvantages to both of these methods, such as intolerance 
to the vitamin or its analogue when given orally or when the onset 
of labor before the calculated date prevents the timely administra- 
tion of vitamin IC prepartum. 

Since vitamin R belongs to the group of fat soluble vitamins 
(A, D, E and K) it is not unreasonable to suspect that it might 
be absorbed through the skin, de Beer ct aJ. z have shown that 
2-methyl-l ,4-naphthoquinone in suitable vehicles administered 
percutaneously to vitamin IC deficient chicks will effect a cure. A 
single dose of ly per chick cured 50% of the depleted chicks and 
larger doses afforded protection for relatively long periods of time. 

Because of this report it seemed advisable to study the pro- 
thrombin levels of the blood of newborns following application of 
2-methyl-l ,4-naphthoquinone to the skin. A preparation of 
2-methyl-l ,4-naphthoquinone 1% in a specially prepared base* 
was used. 

Determination of Blood Prothrombin. The difficulty of obtaining 
sufficient venous blood from newborns in order to obtain plasma 
for the determination of prothrombin level makes it necessary to 
use a micro-prothrombin test that employs capillary blood. Several 
such tests have been described. Quick 13 * - reported a test using 1 

* Supplied by Burroughs Wellcome A Co. (U. S. A.), Inc., Now York. 
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drop each of whole blood and thromboplastin. A modification of 
Quick’s original test has been reported by Kato 7 who used whole 
oxalated capillary blood to which is added the thromboplastin and 
calcium chloride solution. White et a/. 18 reported on a method in 
which 10 e.mrn. of thromboplastin and calcium chloride solution 
are placed side by side in a hanging drop slide and 10 c.mm. of 
blood obtained by puncture is added and mixed. A simple method 
described by Lawson, 10 employs a specially prepared thromboplastin 
solution. The blood obtained by puncture is added directly to the 
thromboplastin solution in the well of a hollow-ground slide. 



Fig. 1. — Average prothrombin coagulation time of a group of newborn infants 
and of a similar group that had 10 mg. 2-methyI-I,4-napthoquinone applied percu- 
taneously during the first 48 hours following birth. 


Simplified Method of Micro-prothrombin Determination. Previously 
we reported 11 on a simplified method of determining the prothrombin 
level in oxalated plasma by substituting Russell viper venom for 
the thromboplastin solution obtained from rabbit brain such as is 
used in Quick’s method. 

This method has been adapted for use with small amounts of 
capillary blood and has been satisfactory for use in determining 
prothrombin levels in newborn infants. 

The test can best be performed in the nursery at the newborn s 
bedside. The newborn’s heel or toe is cleaned with alcohol and a 
deep puncture is made with a lancet or needle so that the blood 
flows freely. Twenty cubic millimeters of blood is drawn into a 
hemoglobin pipette and immediately placed in the well of a hollow- 
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ground slide that contains 0.0274 mg. potassium oxalate.* (The 
slides are previously prepared by placing in the well of each slide 
the solution of potassium oxalate and allowing it to diy.) 

The blood is thoroughly mixed with the oxalate and to it is 
added 20 c.mm. of a 1 to 10,000 dilution of Russell viper venom f 
and 20 c.mm. of 1.11% calcium chloride solution. The slide is 
tilted from side to side and the end-point is taken at the moment 
that fibrin clots can be seen. The end-point is usually sharp and 
the prothrombin time is considered to be the number of seconds 
from the addition of the calcium chloride solution to the formation 
of fibrin clots. We consider the normal prothrombin coagulation 
time, by this method, to be 28 seconds or less. 

The above test was performed on 48 newborn infants divided 
into two equal groups. One group served as control and the other 
group received one application of 10 mg. 2-meth.vl-l ,4-naphtho- 
quinone in an ointment base applied topically to the back. Usually 
the vitamin K ointment was applied during the first or second 
day following birth. Micro-prothrombin estimations were per- 
formed 3 times a week on each newborn infant during its period 
of hospitalization. Each newborn had 4 or 5 prothrombin estima- 
tions during the period of observation. 

Results. The typical physiologic hypoprothrombinemia of the 
newborn was exhibited in 18 of the 24 newborns in the control 
group (Table 1). The highest prothrombin coagulation time was 
present on the 4th day of life and decreased to the normal level at 
the 8th to 10th day with the exception of Case 21 which was 40 
seconds on the 10th day. 

The group that had 10 mg. 2-methyl-l, 4-naphthoquinone applied 
to the skin of the back on the 1st or 2d day of life did not show 
any increase in prothrombin coagulation time (Table 2). The 
prothrombin coagulation time showed a steady decrease and was 
within normal limits by the 5th day. No newborn treated in this 
manner exhibited the so-called physiologic hypoprothrombinemia. 

In order to determine if the average prothrombin coagulation 
observed for the two groups on the 4th day were significantly dif- 
ferent, the “t” value was obtained and found to be 7.0$ which 


* Potassium oxalate solution was prepared by diluting 1 cc. 20% solution potas- 
sium oxalate to 450 cc. with distilled water. This represents approximately 0.0274 
nig. per minim, and was found to be sufficient to prevent coagulation of the whole 
blood. 

t Russell Viper Venom ("Stvpven") supplied by Burroughs Wellcome «fc Co. 
(U. S. A.), Inc., New York. 
t "t" = Xc - Xt 47.3S - 29.90 



Xc = Average prothrombin coagulation time of control newlKirn-*. 
Xt = Average prothrombin coagulation time of treated ncwliorm. 
S = Sum of squares of deviations from respective mean 1 -. 

No = Number of cases in control group. 

Nt = Number of cases in treated group. 
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coriesponds to probability greater than 0.001 according to the 
tables of Fisher and Yates. 4 It follows that when the difference 
between the two means is i .G times as great as the standard error, 
the difference observed between the treated and the control new- 
borns is not accidental but is the result of some definite cause, 
being, in this study, the percutaneous administration of 2-methyl-l,- 
4-naphthoquinone ointment. 


Table 1.— Prothrombin- Congelation- Times of Newborn- Controls. 


Days alter birth : 

1 

o 

3 

4 

5 

G 

7 

8 

9 

10 

Prothrombin time: 

Sec. 

Sec. 

See. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec 

Cose No. 

I . . 



33.0 

31 0 



51.1 


53.0 


29.5 


o 




34.0 


54.4 


32 2 


36.0 


3 '. '. 



2G 8 

31 3 



38.0 


29.0 


32.4 


4 . . 





75.8 


42.0 


33.0 



5 . . 



19.1 



55.0 


41.5 


32.8 



G . . 



31 8 


44.4 


2i.5 



28 G 


26 !o 

i . . 




30.8 


59.0 


25.3 



31 6 

8 . . 




32.5 


41.0 


34 0 



30.0 


9 . . 



22.8 



33.2 


39.8 


22.1 



10 . . 





32 0 



28.0 


39.1 


20*3 

11 




40.0 


36.0 


29.7 



30.4 


12 



33.0 


65.7 



30 4 


26.5 


22.7 

13 . . 



49.7 



34.7 


36.0 


25 0 



14 . . 




39.2 


41.8 


23 8 



30.6 


15 . . 



30 0 


27.0 



37.4 


25.6 


isn 

16 . . 



30.0 


43.5 



57.0 


36.5 


25.6 

17 . . 



52 0 



55.5 


40 0 


42.6 



18 



34 2 


36 4 


34.6 


42.0 




19 . . 




30 2 



34.0 


36.5 


29.0 


20 . . 



50 0 



31 0 


33.2 


590 



21 . . 



47.0 


43.4 


35.4 



45.0 


4o!o 

22. . 




24 0 


45.0 



32 r 


24.0 


23 . . 




26 5 


60.0 



22 G 


29.0 


24 . . 



5S.6 


43.5 


32 7 



32.0 



Average . 



37.1 

32 4 

41.1 

47.4 

37.8 

36.0 

35.4 

34.5 

30.3 

25.4 


Table 2.— Prothrombin' Coagulation Times of Newborns That Received 
10 Mg. 2-Methvl-I, 4- Naphthoquinone Pebcctaneously. 


Days after birth: 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Prothrombin time: 
Case No. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

1 ... 

2 ... 

30.8 

34lo 


29.8 

30.0 


21.4 

28.9 

•• 

29.0 

•• 


3 . ... 

50.4 


30.1 


22.6 



26.4 



4 ... 

53.0 


33.7 


25.2 


32 .*6 




5 ... 

0 . . . . 

34.4 

3D2 

23.3 

27^0 

18 2 

22b 

24.0 


31 2 


7 ... . 

8. . . . 

38.7 

37.0 

33^4 

33*0 

29.0 

27*5 


2S.9 

29.6 


9 . . . . 

3G.2 


36.0 


23. G 



26.5 



10 . . . . 

57.7 



3812 

. . 

23 .*1 


22.5 



11 ... . 
12 . . . . 

47.0 

57.0 


26 1 
51. G 


-• 

27.6 

41. *0 

30.0 

26.8 


13 ... - 

14 . . . . 

41.1 

42.0 


29.5 

32.0 


29.3 

28.5 


24.0 

28.4 



15 . 

16 ... 

17 . . . . 

40.0 

50.0 

60 1 

33.0 

30.*5 

32*0 

28.2 

21.5 

27.5 

27.0 

30.1 

26*2 


18 . . . . 


32 4 


28.2 


, . 

22 0 

44.5 

19.0 

18.0 

19 . . . - 

97.0 


3814 


35.0 

. . 



20 ... . 

47.6 


27.3 


25.0 



28.0 


• * 

21 ... . 

22 ... • 

92.0 

26.0 


42 2 
25! 1 


21.0 
21. 0 

19.2 

23.0 

24.4 



23 ... . 

24 . . . - 

47.0 

31.0 

18 0 

26.2 

23.0 

26.0 

24 0 

20.1 


18.0 

Average . . . 

48.3 

35.5 

32.5 

30.0 

25.7 

24.8 

27.7 

27.2 

26.6 


No untoward effects from the 2-methvl-l ,4-naphthoquinone 

ointment were observed in any newborn. 

Summary and Conclusions. A simplified micro-prothrombin test 
has been described which has obvious advantages over methods that 
employ unstable thromboplastic substances. The Russell viper 
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venom used as the thromboplastie agent is stable for several weeks 
when kept in a refrigerator and does not require time-consuming 
laboratory preparation. We believe that this simplified test which 
requires no special apparatus or unstable reagents can be performed 
by the practitioner at the bedside. 

Data have been presented in this study showing that the per- 
cutaneous application of 2-methyl-l ,4-naphthoquinone (Synthetic 
Vitamin Iv analogue) in an ointment base will prevent hypopro- 
thrombinemia of the newborn. As this method is simple and effec- 
tive it is suggested that it be used routinely as a prophylactic 
measure in preventing hypoprothrombinemia of the newborn. As 
a routine procedure 10 mg. of 2-methyl-l, 4-naphthoquinone in a 
special ointment can be rubbed thoroughly on the skin of the back 
during the 1st or 2d day of life. As a single application was effective 
in our series we do not believe that the application need be repeated. 

Wc wish to thank Dr. E. J. de Beer of the Experimental Research Laboratories of 
Burroughs Wellcome & Co. for his assistance and advice in preparing the statistical 
analysis of the data obtained in this experiment. 
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THE EFFECTIVENESS OF PRENATAL ADMINISTRATION OF 
2-METHYL-l, 4-NAPHTHOQUINONE IN MAINTAINING 
NORMAL PROTHROMBIN LEVELS IN INFANTS.* 

By Eleanor H. Valentine, M.D., 

John G. Reinhold, Ph.D., 

PHILADELPHIA, PA. 

AND 

Erich Schneider. Pii.D., 

NEW YORK, N. Y. 

(From the Prenatal Dispensary and Division of Biochemistry of the Philadelphia 

General Hospital.) 

Two factor? have contributed to more complete understanding 
and effective treatment of hemorrhagic disease? in infants: the 

* Supported in part by a grant from Jovan Laboratories. Inc., New Vo-k. 
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introduction of accurate micro methods of determining the pro- 
thrombin level of the blood, and the discovery that vitamin K is a 
potent factor in maintaining a normal prothrombin level. This 
led in turn to the discovery that the prothrombin time tends 
to be greatly prolonged in infants showing hemorrhagic manifesta- 
tions, in which case the administration of vitamin Iv to such infants 
results in rapid improvement and establishment of a normal pro- 
thrombin level. 

In spite of considerable variation in methods and results, a num- 
ber of facts have been established. First, in newborn infants the 
prothrombin level during the first 24 hours appears to be within 
normal limits or slightly under normal, with a fall to a definitely 
low level between the second and the fourth days. 1 •- a . 7 - 10 . 12 asa 
A gradual return to normal or almost so occurs at the end of a week 
or 10 days. Although the prothrombin may fall to a very low level, 
hemorrhagic manifestations do not necessarily occur. 9 Further- 
more, direct treatment of newborn infants with vitamin K by mouth 
results in a prompt increase of the prothrombin to normal, or if 
given early enough, in prevention of the usual drop of the prothrom- 
bin level. 4 - 8-10 - 1243 ' 17 ' 190 

Evidence has been presented 3-5 - 10 - 1147 - 18 - 196 - 20 that treatment of 
the mother with vitamin I-C helps in maintaining a normal prothrom- 
bin level in the infant. The results, however, are not entirely con- 
clusive since in most instances prothrombin was determined on the 
first day of life only. Since relatively high prothrombin levels 
existing on the first day of life are followed by a distinct drop, usu- 
ally on the second day, the results cannot be properly evaluated 
unless observations are continued through this more critical period. 
A number of the reports cited deal with small numbers of subjects. 

The investigation reported here was undertaken in order to deter- 
mine the efficiency of 2-methvl-l, 4-naphthoquinone, one of the 
synthetic forms of vitamin K, in maintaining normal prothrombin 
levels in newborn infants when given to the mothers during the last 
weeks of pregnancy. A second objective was to ascertain the extent 
of the need for vitamin Iv therapy during pregnancy in the popula- 
tion served by this institution: the unemployed, laboring, and 
lower middle classes of the eastern industrial region. 


Methods and Materials. Prothrombin was determined in plasma of 
25 infants whose mothers had received tablets* containing 2 mg. of 2- 
methyl-1, 4-naplithoquinone together with 0.2_ gm. of purified bile salts 
daily by mouth for varying periods of time during the last month of preg- 
nancy. Twenty-five infants whose mothers received no treatment were 
used as controls. Plasma prothrombin of the infants was determined on 
the first dav, between the second and fourth day, and agam on the sixtn 
or seventh dav after delivery’. Cases were chosen at randoin from patients 
registered in the prenatal clinic during October, November, December, ana 
January. No untoward reactions were observed in the treated patiento. 

* Supplied by-Jovan Laboratories, Inc. 
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Because of the technical difficulties of obtaining venous blood from new- 
born infants, the micro method devised by Hoffman and Custer 0 was used 
as follows: 5 c.min. of blood obtained from the finger or heel was imme- 
diately transferred by means of a Custer hemoglobin pipette to a glass 
culture slide containing 5 c.mm. of a saline suspension of thromboplastin 
maintained at 37° C. on a hot plate. The mixture was then gently and 
slowly stirred with a platinum wire, and the time necessary for coagulation 
ascertained by means of a stop watch. All determinations were made in 
duplicate and the average taken. The variation was small. A fresh punc- 
ture was made for each determination, a spring lancet being used to insure 
a free flow of blood. A control was run in every case, using in most in- 
stances the same normal individual. The thromboplastin was prepared by 
Quick’s 16 : method. 

Control determinations by this method showed the average prothrombin 
time to be 12.7 seconds. These figures are based on 48 different determina- 
tions made on 4 normal individuals. Results of determinations on normal 
subjects by Quick’s method showed close agreement with those of the 
Iioffman-Custer method. In order to correct for the varying potency of 
the thromboplastin (thromboplastin emulsion was prepared freshly each 
day), the following formula 10 was used: 

prothrombin time of infant X 12.5 

— — — = corrected prothrombin time. 

prothrombin time of control 

The corrected prothrombin time was then converted to prothrombin per- 
centage of normal by means of the graph published by Quick. 11,6 

Taiii.e 1.— The Plasma Prothrombin of 25 Untreated Cases. 


Prothrombin, % of normal. 


Case No. 

Mother. 

1st 

day. 

Infant. 

2d-4th 

day. 

0th-7th 

day. 

1 . . . . 

. . . . 00 


70 

100 

2 ... . 

. . . . S5 


9 

00 

3 ... . 

. . . . 100 

30 

30 

45 

4 . . . . 

. . . . 95 


40/35 

100 

5 . . . . 

. . . . 95 

100 

40 


0 . . . . 

. . . . 98 


25 

100 

7 ... . 

. . . . 55 

io 

8 

SO 

8 ... . 

. ... 100 


40 


<1 . . . . 

. . . . 05 

45 

33 

85 

10 ... . 

. . . . 100 

100 

37 

-• 

11 ... . 

. . . . 100 

100 

09 

. 100 

12 ... . 

. . . . 100 

45 

43 

33 

13 ... . 

. . . . 05 

37 

S 


14 ... . 

. . . . 100 

90 

05 

100 

15 ... . 

. . . . 100 

07 

70 

S5 

10 ... . 

. . . . 75 

100 

00 


17 . . . 

. ... 100 

100 

100 


IS ... . 

. ... 100 

S5 

40 

100 

10 ... . 

. . . . 90 

70 

3S* 

00* 

20 ... . 

. . . . 70 

90 

33 

100 

21 ... . 

. . . . SO 

07 

40 

100 

22 

. . . . 100 

90 

33 

37 

23 ... . 

. . . . G5 

53 

45 

G3 

24 ... . 

. . . . 100 

95 

37 

40 

25 ... . 

. . . . 75 

70 

GO 

. . 


— 

— 

— 

- 

Average 

. . . . ss 

72 

43 

77 


* Vaginal Weeding, .Id to Stli day. 
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Results, lables 1 and 2 show the plasma prothrombin levels 
expressed as per cent of normal of 50 untreated pregnant women, 25 in 
the control group and 25 in the treated group. The average value of 
S9 per cent for this entire group may be taken as a normal standard for 
this study. It may be seen in Table 2 that there is no significant 
difference in the average prothrombin level of the mothers before 
and after receiving treatment with 2-methyl-l, 4-naphthoquinone. 

On the first day of life, infants of untreated mothers (Table 1) 
show an average prothrombin of 72%, as compared with an average 
value of 86% for infants whose mothers received treatment with 
vitamin Iv (Table 2). This difference is not significant.* 


Table 2.— The Piasma Prothrombin or 25 Treated Cases. 


Prothrombin, % of normal. 


Mother. 


Infant. 


Duration of 


Case 


treatment 

Before 

After 

1st 

2d-4th 

6th-7th 

No. 


(days). 

treatment. 

treatment. 

day. 

day. 

day. 

it . 


. 20 

100 

100 

(40) 

(48) 

, , 

2 


. 7 

so 

95 

82 

100 

100 

3 . . 


. 21 

80 

100 

SO 

70 


4 . . 


. 12 

90 

90 

SO 

90 

loo 

5 . . 


. G 

80 

90 

100 

85 

100 

G . . 


. 17 

100 

100 

35 

58 

100 

7 . 


. 25 

100 

GO 


85 

85 

s . . 


? 

50 

75 


78 

85 

9 


. 21 

100 

99 

100 

50 

45 

10 . . 


. 11 

100 

100 

GO 

100 

•• 

11 - . 


. 28 

9S 

100 

90 

100 

100 

12 . . 


. 17 

100 

70 

75 

S3 


13 . . 


. 9 

9S 

100 

99 

100 

100 

14 . . 


. 20 

100 

75 


70 

100 

15 . . 


. 12 

70 

100 

100 

90 

100 

1G . . 


. 10 

100 

100 

100 

100 

90 

17 . . 


. 9 

90 

100 

100 

100 

85 

18 


. 20 

100 

100 

100 

100 


29 . . 


. 10 

S5 

85 

85 

100 

100 

20 . . 


. 5 

100 

100 

100 

85 


21 . .. 


. 24 

100 

100 

85 

70 

70 

22* 


. 24 1 

100 

100 

(85) 

(45) 

(55) 

23 . . 


. 10 

90 

S5 


100 

100 

24 . . 


. 9 

65 

95 

70 

S5 


25 . . 


. 15 

70 

80 


80 

90 






— 







Average 


. 

. . 90 

92 

80 

80 

S9 


During the second to fourth day period the infants whose mothers 
had received no treatment showed a distinct drop of the prothrom- 
bin level to an average value of 43 % (Table 1). The corresponding 
value for infants of treated mothers was 86% (Table 2). This dif- 
ference is highly significant.* Individual values in the untreated 

* Tested by Student’s method for determining "t”. 
f Omitted from calculation of mean 
+ No medication for 2 weeks prior to delivery. 
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group ranged from 8 to 100%, with only 4 cases having prothrombin 
levels above 65%. In the treated group, prothrombin ranged from 
50 to 100% with only 4 patients showing less than 70%. 

By the sixth to seventh day, the average prothrombin level had 
increased to 77 % in the untreated cases, and 89 % in the treated cases. 
Although this difference is not significant,* 7 of 18 determinations 
made at this time on untreated infants gave results below normal 
and in 4 the deficiency was marked. In the treated group only 
2 cases fell below 70%. 

Of the 4 infants in the treated group that showed abnormally low 
prothrombin levels, the mother of one (Case 1) was thought to have 
been uncooperative in taking the medication, while another (Case 22) 
finished her supply 2 weeks before delivery and did not return for 
more. Consequently both were omitted in calculating the average 
values. No reason for failure could be found in Cases 6 and 9. 

Discussion. Infants from untreated mothers having normal pro- 
thrombin levels usually exhibit a normal level during the first day of 
life. The prothrombin rapidly falls to an abnormally low level after 
the first day, but by the end of the first week has in most cases again 
risen to normal. This drop varies in degree. A low prothrombin 
level alone does not seem to be sufficient to induce spontaneous 
hemorrhage, since only one baby of those with dangerously low 
prothrombin showed such a tendency. 

Prothrombin remained normal with few exceptions in those infants 
whose mothers received vitamin K during the last weeks of preg- 
nancy, if only for so short a period as 5 days. In 2 of 4 infants 
failing to show a response to prenatal therapy there were circum- 
stances indicating that the failure was not due to the ineffectiveness 
of the drug. 

These results are compatible with the assumption that the new- 
born infant is endowed with sufficient prothrombin to last for 
approximately 24 hours, and is then faced with an interval when, 
due to lack of an adequate supply of vitamin IC, this inherited pro- 
thrombin is used up without sufficient new being formed. Soon 
after the infant begins to take and absorb nourishment a normal 
level is built up by the liver, although in most cases a week is 
required before normal levels are established. It seems probable 
that in infants whose mothers have received vitamin Iv therapy a 
sufficient amount of this substance is carried over in the fetal blood 
supply to tide the infant over the danger period and allow the earlier 
production of prothrombin by its own liver. 

The effectiveness of 2-mcthyl-l, 4-naphthoquinone administered 
prenatally for maintenance of normal prothrombin in the newborn 
is demonstrated by this study. 

Summary. 1 . About * of the infants of untreated mothers exhibited 
a significant drop to an abnormally low average prothrombin level 
* Tested by Student’s method for determininc “t". 
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within 48 to 96 hours after birth, with a rise to a normal level by the 
end of the first week. 

2. Infants whose mothers had received 2-methyl-l, 4-naphtho- 
quinone from 5 to 28 days prior to delivery were protected against 
the fall in prothrombin in all but 2 of 23 cases. 

3. Occasional subnormal prothrombin levels were observed in a 
group of 50 pregnant women examined shortly before term. 

The authors are indebted to Dr. Robert M. McElroy for his generous cooperation, 
to Drs. Milton Rapoport, Pediatrician to the Obstetrics Division, E. A. Schumann, 
and P. F. Williams, Obstetricians, for permission to conduct this study on patients 
under their care. 
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PERIPHERAL CIRCULATORY FAILURE IN DIABETIC ACIDOSIS 
AND ITS RELATION TO TREATMENT.* 

Bv A. E. Schecter, M.D., 
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AND 
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(From the Metabolic Department and Laboratories of the Philadelphia General 

Hospital.) 

The presence of peripheral circulatory failure in diabetic acidosis 
has been recognized clinically for many years. Fagge, 7 in 18 f , 
described a case of acidosis which improved after the intravenous 
administration of saline solution. Peters 15 ’ 16 has attributed to the 

* Presented before the Physiological Society of Philadelphia, November 19, 1940. 
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shock syndrome certain chemical changes* in diabetic acidosis. In 
1928, Allen 1 called attention to the clinical picture of “shock” in 
diabetic acidosis of long standing. Atchley, 20 in 1930, used the 
term “medical shock” to describe the clinical picture of severe 
diabetic acidosis. In 1930, Lawrence, 13 and in 1934, Atchley 2 re- 
emphasized the importance of treatment of “medical shock” in dis- 
eases, notably diabetic acidosis, associated with marked dehydration. 

The clinical picture of patients who are moribund in uncompli- 
cated diabetic acidosis is characterized by a rapid pulse of poor 
volume, a falling blood pressure, a rising body temperature, deepen- 
ing unconsciousness ending in death. This sequence of events oc- 
curs despite treatment with insulin, glucose, alkalies and fluids. 
Death may occur while the blood sugar concentration and C0 2 
combining power values are nearly normal. If the alterations in 
blood sugar concentration and C0 2 combining power represent the 
metabolic disturbances responsible for the condition of these 
patients, why should they die when the metabolic disturbances, as 
represented by these chemical data, are corrected? 

Postmortem examination of patients dying in uncomplicated dia- 
betic acidosis affords little help in establishing the mechanism of 
death. Warren’s 18 description of the pathologic findings in cases of 
diabetic acidosis can be summarized by the following quotations: 
“The pathological changes in coma are conspicuous by their 
absence. Even in pre-insulin days when diabetic coma developed 
in uncomplicated cases of diabetes there were no characteristic 
pathological changes that would enable one at post mortem or on 
looking at a section of tissue to say ‘This material came from a case 
of diabetic coma.’ Today the same holds true.” The only con- 
stant finding was evidence of gastro-intestinal hemorrhage. Dillon, 
Riggs and Dyer 6 described brain lesions in “fatal diabetic acidosis 
like those seen in acute asphyxia. The primary pathologic changes 
occur in the cerebral capillary bed. The capillaries are dilated, and 
the endothelial cells show degenerative changes with increased per- 
meability of the walls as evidenced by the presence of perivascular 
and pericellular edema. As a result of the cerebral edema there is 
proliferation of neuroglia, especially in the subependymal and mar- 
ginal areas, and acute degenerative changes in the ganglion cells.” 

Since death frequently occurs in these patients whose diabetic 
chemically disordered function has been corrected by treatment, 
and postmortem examination of these patients yields little evidence 
in establishing a mechanism for death, it seemed reasonable to look 
for a disturbance of function which might be sufficient to cause 
death and yet not leave diagnostic postmortem changes. The 
clinical impression of Allen. Peters. Atchley and others of the 
existence of “medical shock” in diabetic acidosis and the clinical 
picture of peripheral circulatory failure which we have also observed 

* Scrum protein'-, blood ceil volume and oxvfren capacity. 
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suggested the direction for the investigation of the disturbance of 
function. 

Methods. The patients studied were selected from those admitted in 
diabetic acidosis to the Metabolic Division of the Philadelphia General 
Hospital, services of Dr. E. S. Dillon and Dr. A. J. Sindoni, Jr. 

Temperature, pulse rate, blood pressure and respirator}- rate were recorded 
ever} r naif hour. Blood sugar and C0 2 combining power determinations 
were made on admission and were repeated every 3 hours throughout the 
course of treatment until recover}' or death had occurred. Blood sugar 
determinations were made by a modified method of Folin and Wu and CO; 
combining power of plasma was determined by the method of Van Slyke 
and Cullen* 

Blood for examination was drawn without stasis from the femoral artery 
and vein in oiled syringes and placed in tubes containing potassium oxalate 
and paraffin oil. Arterial and venous oxygen content, C0 2 content, and 
oxygen capacity were determined by the method of Van Slyke and Neill. 116 
Serum proteins, hemoglobin and cell volume by hematocrit were measured. 
Ifingsley’s photoelectric biuret 12 method was used for serum protein, and 
the Sanford, Sheard and Osterberg photo-electric colorimetric method 17 
was used for 1 ■ J - i . — inations. Packed cell volume measure- 
ments were m ! . • hematocrit tubes after centrifuging for 

30 minutes. These studies were repeated during the course of treatment 
and again after recover}'. 

Peripheral bloodflow in the hand was measured by the plethysmograph 
and was recorded soon after admission and as often as possible thereafter 
until recover}' or death. Freeman’s modification 60 of the original method 
of Hewlett and Van Zwahvenburg was used. 

Results. One group of patients with diabetic acidosis had a 
reduced peripheral circulation which, however, was compensated 
and recovered following treatment. These patients were conscious, 
had little or no reduction in blood pressure and had moderate reduc- 
tions in peripheral bloodflow. Figure 1 shows the course of such 
a patient. This patient was admitted to the hospital in acidosis 
after a dietary indiscretion with a blood pressure of 130/70 mm. of 
mercury, a pulse rate of 116 per minute, and a reduced bloodflow 
(3.6 to 5.7 ce./lOO cc. of hand per minute). The venous oxygen 
saturation was 88.8% on admission but during treatment fell to 
59.5%; after recovery it was 86%. The patient absorbed fluids 
given by hvpodermoclvsis and showed an increased bloodflow before 
intravenous fluids were given. Treatment was accompanied by an 
increase in peripheral bloodflow and a decrease in venous oxygen 
saturation. 

A second group had diabetic acidosis with peripheral circulator}' 
failure and recovered after treatment. They were semiconscious or 
unconscious, had marked reduction in blood pressure and peripheral 
bloodflow. The course of one is shown in Figure 2. This patient 
was a newly discovered diabetic in whom acidosis was probabl} 
precipitated* by pharyngitis with cervical adenitis. On admission 
to the wards his blood pressure was 50/30 mm. of mercury, pulse 
rate 120 per minute, peripheral bloodflow was not recordable, and 
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venous oxygen saturation was 03.8%. Plasma and 0% acacia 
were given before bloodflow could be recorded. The bloodflow in- 
crease and the rise in blood.pressure were maintained. The patient 
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Fig. 1. — Diabetic Acidosis — Peripheral Circulation Compensated (Recovered;: 

Course of Case 2. 

On admission: The patient was conscious. He had a moderately reduced periph- 
eral circulation but a maintained blood pressure. Venous oxygen saturation was 
SS.S%. 

During treatment: Peripheral bloodflow increased and was maintained following 
the administration of saline solution by hypodermoclysis. The intravenous infusion 
was given to supply glucose rather than to incre.ase circulation. Venous oxygen 
saturation decreased while peripheral bloodflow increased during treatment. The 
general condition of the patient was more closely correlated with the state of the 
circulation than with the level of the CO; combining power. 

Absciss®: Time in hours. 

Ordinates: Blood sugar concentration and CO; combining power values. Treat- 
ment administered and time required for each item of treatment. Peripheral blood- 
flow, pulse rate, blood pressure and arterial and venous oxygen saturation. 


became conscious soon after the rise in blood pressure and blood- 
flow. This took place 4 hours after treatment was started but loner 
before the blood ketone body level fell. During treatment the 
venous oxygen saturation was (58%. After recovery the venou- 
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0x3 gen saturation was 78 % in the presence of a rapid bioodflow 
liie presence of a venous oxygen saturation of 63 . 8 % with marked 
reduction of bioodflow in this patient, in contrast to the venous 
oxygen saturation of 88.8% with less marked reduction in bioodflow 
in the case shown in Figure 1, may be the result of a more advanced 
state of peripheral circulatory failure. 



Fig, 2. — Diabetic Acidosis With Peripheral Circulatory Failure (Recovered): 

Course of Case 6. 

On admission: The patient was unconscious, his extremities were cool 3nd his 
skin was mottled. Blood pressure and peripheral bioodflow were markedly reduced. 
Venous oxygen saturation was G3.S% in the presence of a reduced circulation. 

During treatment: Peripheral bioodflow and blood pressure were increased and 
maintained only after the administration of osmotically active fluids by the intra- 
venous route. The patient regained consciousness at 7:30 p.m., coincident with an 
increase in peripheral bioodflow and blood pressure. Venous oxygen saturation was 
08% in the presence of an increased circulation. The general condition of the patient 
was closely correlated with the state of the circulation. 

Absciss® and ordinates as in Figure 1. 

A third group had diabetic acidosis with peripheral circulatory 
failure but died despite treatment. Figure 3 shows the course of 
one of these patients who had lost consciousness and showed marked 
reduction in blood pressure and bioodflow. This patient had a 
cellulitis of the neck which was probably responsible for the onset 
of acidosis. On admission to the wards, the blood pressure was 
68/40 mm. of mercury, pulse rate 116 per minute, bioodflow 1.2 cc./ 
100 cc. of hand per minute, and the venous oxygen saturation was 
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64.2%. Blood pressure and blood flow rose only after administra- 
tion of 6 % acacia intravenously. This increase was not maintained. 
Here again, the venous oxygen saturation of 64% contrasted to 
venous oxygen saturations of 83% to 88.8% in patients with the 
same degree of reduction of bloodflow may indicate a more severe 
failure of the peripheral circulation. 
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Fig. 3. — Diabetic Acidosis With Peripheral Circulatory Failure (Died): 

Course of Case 7. 

On admission: The patient was unconscious. She had a marked reduction of 
peripheral bloodflow and blood pressure. Venous oxygen saturation was ('>1.2%. 

During treatment: There was a failure to maintain an increased peripheral blood- 
flow and blood pressure despite the administration of osmotically active solutions 
by the intravenous route. The CO: combining power values lose during treatment. 
This case likewise illustrates the close correlation between the general condition of 
the patient and the state of the circulation. 

Abscissa: and ordinates as in Figure 1. 


The findings obtained in all of the patients studied are summar- 
ized in Table 1. Peripheral bloodflow was reduced in all patients 
on admission. The patients with the most marked reductions were 
most seriously ill, were unconscious and had lowest blood pressures. 
Bloodflow increased markedly during treatment. Sudden marked 
increases in flow were usually associated with increase in speed of 
intravenous infusion. 

vou 302, so. 3.— sCTTEunr.n, 1911 
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* Wood ninr ill li rininations were not alw.ajs made at the«ainc time ns the other studies. The \ allies Riven are those obtained nearest the times li=ted. 
t 1 tie blood drawn from sup/ rlinal anlrrulntal uin of arm in plcthj smoRraph for comparison with femoral acin blood, 
t 3tiidiM were made almut 2 hours after insulin and fluids were Riven. 
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Determinations of oxygen content of arterial and venous blood 
showed a narrow difference between the 2 specimens. Venous 
oxygen saturation was high in the presence of reduced bloodflow. 
In 5 cases the arteriovenous oxygen difference was 1.3 to 3.4 vol. % 
and the venous oxygen saturation ranged from 83.3% to 88.8%. 
Cases 6 and 7 had arteriovenous differences of 5.1 and 6.7 vol. % of 
oxygen and venous oxygen saturation of 63.8 % and 64.2 %. Case 8 
showed an arteriovenous difference of 12.6 vol. % oxygen and a 
venous oxygen saturation of 45.2%. This patient had received 
insulin and intravenous fluids at the time these studies were made. 
Venous oxygen saturation fell while blood flow rose during treat- 
ment in nearly all cases. 

Estimations of oxygen utilization can be calculated from arterio- 
venous oxygen difference (1 cc. oxygen per 100 cc. of blood) and 
bloodflow (expressed as cc. blood per 100 cc. of hand). These 
estimations cannot be taken as absolute values because bloodflow 
was measured in the hand and blood gas determinations were made 
on blood drawn from the femoral vessels of the leg. However, 
venous oxygen values of blood obtained from the antecubital vein 
of the arm immersed in the plethvsmograph corresponded closely 
with femoral vein blood values in Case 4. Bloodflow in the hand 
may not be an exact index of bloodflow in other parts of the body 
but may mirror the direction of change. 4 With these reservations 
in mind we have listed in Table 1 oxygen utilization (expressed as 
ce. oxygen per 100 cc. of hand per minute) and the mental state of 
the patients. These figures suggest that there is a marked reduc- 
tion in oxygen utilization in untreated diabetic acidosis. The 
patients with most markedly decreased oxygen utilization were 
semiconscious or unconscious; those with less marked reductions 
were conscious. Treatment seemed to be accompanied by an 
increase in oxygen utilization. 

Blood pressure was reduced in all patients on admission. The 
degree of reduction varied. The most seriously ill patients were 
unconscious and had the lowest blood pressures ranging from 50 to 
96 mm. of mercury systolic over 30 to 70 mm. of mercury diastolic. 
The patients whose clinical condition was much better were con- 
scious and had nearly normal blood pressures. 

Initial determinations for serum proteins, hemoglobin and cell 
volume were elevated above recovery levels in all cases. _ These 
observations served to indicate the severity of the dehydration. 

Serum protein concentrations decreased after the administration 
of parenteral fluids. In Cases 4, 5 and 6 proteins fell sharply dur- 
ing treatment and then increased somewhat during the recovery 
period All of these patients received 6% acacia intravenously. 
Case 3 received acacia but failed to show any marked reduction of 
serum protein. The other cases showed a reduction of serum pro- 
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teins from the level on admission to that after hydration which was 
maintained after recovery. 

Hemoglobin values fell during hydration. The levels after hydra- 
tion were maintained. In Cases 4 and 5 the hemoglobin rose 
while the proteins fell during hydration. Both of these patients 
were seriously ill and both received acacia. Peters explained similar 
changes in his patients on the basis of continued loss of fluid con- 
taining protein. He found this in patients who were failing clini- 
cally. His patients did not receive acacia; ours did. 

Cell volume by hematocrit paralleled the changes in hemoglobin. 

All of these studies, except the peripheral bloodflow, were made 
on 11 additional patients with consistent results. These results 
were not included because oxygen capacity was calculated from 
hemoglobin values, the volumetric Van Slyke apparatus was used 
for the blood gas analyses and peripheral bloodflow was not meas- 
ured. Although the number of cases reported is small, the findings 
are significant because of the consistency of the results in the 
8 cases and the consistency of the group of 8 with the 1 1 preliminary 
cases. 

Discussion. Our observations on the serum protein concentration, 
hemoglobin and cell volume by hematocrit in patients with diabetic 
acidosis agree with those of Peters ct a/. 18 - 16 They point to a severe 
dehydration and hemoconcentration. These patients had long 
periods of hyperglycemia and glycosuria resulting in diuresis pre- 
ceding the acidosis. Atchlev and his coworkers 3 found that with- 
drawal of insulin from diabetic patients produced an increase in 
the excretion of sodium, potassium and chloride with diuresis. This 
initial electrolyte loss occurred independently of the development of 
ketosis. They also found that after a longer period of insulin with- 
drawal there occurred an accumulation of ketone bodies which 
further depleted the stores of fixed base and when the alkali reserve 
depleted uncompensated acidosis developed. 

Chang, Ilarrop and Schaub 5 showed that the dehydration of 
diabetic acidosis was accompanied by a reduction in blood volume. 
The acidosis in their cases was less severe than that found in those 
we studied. All of their cases were sufficiently conscious to co- 
operate in measurement of blood volume by the carbon monoxide 
method. Although their patients had relatively mild acidosis, the 
reduction in blood volume varied from 250 to 000 cc. If patients 
with relatively mild diabetic acidosis show a reduction of blood 
volume up to 000 cc., it is not unreasonable to believe that our 
patients in severe diabetic acidosis with associated peripheral cir- 
culatory failure would have more marked reduction in blood volume. 

Cold extremities, rapid, thready, low volume pulse and low blood 
pressure, well-known characteristics of surgical shock, were seen in 
the patients in diabetic acidosis with peripheral circulatory failure. 
Freeman ct o/. u found that patients in surgical shock had marked 
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reduction in peripheral bloodflow. Dogs in which shock had been 
produced experimentally 8 *' 10 showed hemoconcentration, reduced 
blood volume and peripheral bloodflow. The increased hemoglobin, 
serum protein concentration and cell volume in our patients indi- 
cated the extent of the dehydration and hemoconcentration and 
suggested the probable existence of a reduced blood volume. Meas- 
urements of the bloodflow through the hand indicated the severity 
of reduction in the peripheral circulation. These observations indi- 
cate that our patients like those in surgical shock have peripheral 
circulatory failure. A suggested mechanism for the production of 
peripheral circulatory failure in diabetic acidosis is summarized in 
Figure 4. The vicious circle leading to peripheral circulatory failure 
has been adapted from Freeman’s paper. 88 


3us*ested Mechanism of Peripheral Circulatory Failure 
in Diabetic Acidosis. 
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Fig. 4.— Suggested mechanism of peripheral circulatory failure in diabetic acidosis 


Blood gas analyses in surgical shock 11 show a widening of the 
arteriovenous oxygen difference with a marked reduction in venous 
oxygen saturation. This reduced venous oxygen content is regarded 
as the result of reduced circulation; the tissues having obtained as 
much oxygen as possible from the blood delivered at a markedly 
reduced rate of speed. When the reduction in bloodflow is so great, 
that even very complete removal of oxygen from the blood arriving 
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fails to deliver an adequate oxygen supply per unit of time, tissue 
anoxia results. This is the stagnant type of anoxia of surgical shock. 

Patients in diabetic acidosis, however, were found to differ from 
those in surgical shock with respect to the level of their venous 
oxygen saturation in the presence of markedly reduced bloodflows. 
Figure 5 compares the bloodflow, arterial and venous oxygen satura- 
tion in the patients with peripheral circulatory failure in diabetic 


Arterio-venous 
Oxygen Saturation 



l'e'3 l'ef 3's's i'c'3'<i'3'b'7'e 


Blood Flow 



Normal Surreal Diabetic Acidosis 

Control Shock viith 

,, A PcriDhcrnl Circulntorij 

1 rrerman. Shau — 3nydtt ^ Failure 

Fig. S. — Comparison of bloodfloiv and venous oxygen saturation in diabetic acidosis 
with normal controls and surgical shock. Each column represents one case, as indi- 
cated by the numbers beneath the upper row. 


acidosis with normal controls and patients in surgical shock studied 
by Freeman, Shaw and Snyder. 11 Reductions of peripheral blood- 
flow of the magnitude found in surgical shock were found in the 
patients with diabetic acidosis. Venous blood leaving such regions 
of reduced bloodflow. however, showed little oxygen unsaturation. 
The reduced peripheral bloodflow indicated the reduction in speed 
of arrival of hemoglobin bringing oxygen to the tissues. The high 
venous oxygen saturation suggests a failure of the hemoglobin to 
liberate its oxygen to the tissues or a failure of the tissues to remove 
the oxygen which does arrive. These findings point to the existence 
of a histotoxic as well as a stagnant anoxia in the peripheral circula- 
tory failure of diabetic acidosis. 
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Conclusions concerning oxygen utilization in any one part of the 
body, cannot be made with assurance unless the bloodflow and 
arteriovenous oxygen differences are measured in the same part. 
In these experiments bloodflow measurements were made on the 
hand, represent chiefly skin bloodflow and are not a measure of 
bloodflow in visceral organs. Venous blood gas analyses were made 
on blood drawn from the femoral vein. This blood consists of 
venous return from both superficial and deep leg tissues. How- 
ever, evidence has been obtained suggesting that the estimated 
results of oxygen utilization obtained would not be altered greatly 
il blood gases and bloodflow had been measured in the same part. 
In Case 4, blood drawn from a superficial antecubital vein in the 
arm in the plethysmograph had a venous oxygen content very close 
to that obtained on femoral vein blood during acidosis and after 
recovery. 

Results calculated from arteriovenous oxygen difference and 
bloodflow suggest that there is a decrease in the ability of the 
tissues of patients with untreated diabetic acidosis to utilize oxygen. 
The degree of reduction of oxygen utilization may be correlated 
with the mental state of the patient. Treatment is accompanied 
by an apparent increase in tissue oxygen utilization. The levels 
reached during treatment are greater than recovery levels and indi- 
cate possible repayment of an oxygen debt. Speculation concern- 
ing possible causes for a failure of oxygen utilization in diabetic 
acidosis centers around: 1, inability to utilize carbohydrate; 2, 
ketosis, or 3, acidosis. Any one, or all three, may be responsible 
for the findings. 

The reduction in circulation which all of our patients showed in 
varying degrees was present before treatment was started and was 
an integral part rather than a late complication of the diabetic 
acidosis. When there was a moderately reduced peripheral blood- 
flow but with maintained blood pressure (Fig. 1) saline solution 
given by hypodermoclysis was sufficient to increase the bloodflow, 
to maintain the blood pressure and to correct the dehydration. 
It may be inferred that the blood volume was restored and main- 
tained by this form of treatment alone. 

When there was a more marked reduction in peripheral circula- 
tion, a low blood pressure and unconsciousness (Figs.. 2 and 3), 
saline or other solutions of electrolytes without colloid osmotic 
pressure, when administered either by hypodermoclysis or by the 
intravenous route, seemed to be insufficient to bring about a per- 
manent increase in bloodflow and blood pressure or to restore the 
blood volume. It seemed as though the reduced peripheral circu- 
lation did not absorb fluids given by hypodermoclysis. Again,. it is 
probable that, the vascular system in peripheral circulatory failure 
cannot retain osmotically inactive fluids. Finally, it is recognized 
that saline brings about a temporary increase but-does not maintain 
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the blood volume (Freeman and Wallaee 9 ). For these patients in 
peripheral circulatory failure adequate volumes of osmotieally active 
solutions such as plasma, blood or acacia should be given early by 
the intravenous route and should be continued until bloodflow and 
blood pressure are increased and maintained. Saline given simul- 
taneously or subsequently for the replacement of electrolytes and 
water will then probably be effectively absorbed and retained. 

The results of these studies lead us to believe that the prompt 
restoration of blood volume is almost as important as the adminis- 
tration of insulin in the treatment of diabetic acidosis. Even 
though lack of insulin be the initiating factor in the series of events 
leading to the development of diabetic acidosis with peripheral 
circulatory failure, in treatment measures directed toward restora- 
tion of blood volume and adequate circulation should be instituted 
before or simultaneous with the administration of insulin. 

Summary and Conclusions. 1. Eight patients with diabetic acido- 
sis were studied. Initially elevated hemoglobin, hematocrit and 
serum protein with a decrease following administration of fluids 
showed the presence of dehydration and hemoconcentration. 

2. Peripheral bloodflow in the hand, as measured by the plethys- 
mograph was reduced. 

3. Venous oxygen saturation was high in the presence of marked 
reductions in peripheral bloodflow. 

4. Physiologic evidence presented supports the clinical impression 
of the existence of peripheral circulatory failure in diabetic acidosis. 

5. The existence of an unusually high venous oxygen saturation 
in the presence of a reduced peripheral bloodflow suggests a failure 
of oxygen utilization by the tissues. Possible causes suggested for 
the failure of oxygen utilization are: 1 , inability to utilize carbohy- 
drate; 2, ketosis, or 3, acidosis. 

G. These findings point to the existence of a histotoxic as well as a 
stagnant anoxia in the peripheral circulatory failure of diabetic 
acidosis. 

7. The importance of the prompt restoration of blood volume and 
the maintenance of adequate circulation in the treatment of dia- 
betic acidosis is stressed. 

The authors wish to express their nppreeiation to Dr. X. E. Freeman and Dr. 
.1. G. Reinhold for their adviee and criticisms durinc the propre^s of the=e studies 
to the Harrison Department of Surpicai Research, School of Medicine. University 
of Pennsylvania, and the Heart Station of the Philadelphia General Hospital, for 
apparatus used in the conduct of these experiments. 
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Potassium sulphocyanate therapy was first employed in the Car- 
diology Department of the Wisconsin General Hospital in certain 
selected cases of hypertension in 1929. A much broader applica- 
tion of this type of treatment was made possible by Barker’s an- 
nouncement in 1934 of a method for determining the blood cyanates 
and this form of laboratory control has been used routinely since 
June, 1935. The experience in a group of 50 cases has been so 
satisfactory that it seemed advisable to report the results obtained 
in this series, particularly in view of the current controversy over 
the propriety of administering thiocyanate to patients with hyper- 
tension. 

Barker’s original publication 10 presenting his method of treating 
hypertension with potassium sulphocyanate contained a compre- 
hensive review of the literature up to March, 1936. A few of the 
authors mentioned in his bibliography had been favorably impressed 
with the results of this drug but the majority of the writers^ were 
opposed to it on the grounds that the effective dosage was sufficiently 
toxic to produce unpleasant and sometimes dangerous side reactions. 
Barker, in his paper, presented a method of administering thio- 
cyanate which was both effective and safe provided proper labora- 
tory control was available. He described a relatively simple tech- 
nique for the determination of the blood cyanate. His patients 
were given from 0.3 to 1 gm. of potassium sulphocyanate daily for 
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a number of days until the blood cyanate reached a level of from 
8 to 10 mg. per 100 cc., at which time the dose was reduced to a 
point which would maintain the blood cyanate somewhere in the 
therapeutic range which was found to vary between 6 and 12 mg. 
per 100 cc. Of the 45 patients reported in his series, .35 obtained a 
distinct drop in the blood pressure and definite relief from their 
symptoms. It was pointed out that the toxic range lay well above 
15 mg. and that serious complications and fatalities probably oc- 
curred only when the level reached 40 to 50 mg. Untoward symp- 
toms were avoided by so regulating the dose as to maintain the 
blood cyanate well below the toxic level and within the therapeutic 
range. In January, 1937, Barker 16 published a second paper in 
which he reviewed and brought up to date the data presented in 
his original article. Later in that year Griffith, Lindauer and 
Campbell 6 reported a series of 26 hypertensive patients treated 
with thiocyanate after the method of Barker. They encountered 
no fatalities and no major complications. Of 16 patients ade- 
quately treated and controlled, they obtained good results in 10. 
They presented a micro-modification of Barker’s method for deter- 
mining the blood cyanate using standards made of colored ink. 
This method required only a few drops of blood which could be 
obtained by puncturing the finger and avoided the necessity of 
drawing blood from a vein. Steidl and Steenken 11 administered 
potassium sulphocyanate to 3 patients with pulmonary tuberculosis 
and hypertension. A definite reduction in the blood pressure was 
obtained in all 3 cases and in none was there any evidence of dele- 
terious effects so far as the tuberculosis was concerned. Massie, 
Ethridge and O’Hare 8 gave sodium sulphocyanate to a series of 
14 ambulatory hypertensive patients and made a special effort to 
eliminate as far as possible all psycho-therapeutic effects. The 
blood cyanate was maintained between 5 and 7 mg. per 100 cc., 
and a lowering of the blood pressure was obtained in every case. 
No changes in the renal function were noted, there was no tendency 
to develop anemia, the ophthalmoscopic findings showed no altera- 
tion and serial electrocardiograms, taken on a few of the patients, 
showed no deviation from the controls. A variety of untoward 
symptoms were noted, including skin eruptions, nausea, vomiting, 
diarrhea, mental confusion and precordial pain but no serious com- 
plications were encountered. These authors concluded that patients 
treated by this method should be carefully selected and closely 
observed, and that proper control of dosage was necessary in each 
individual case according to the cyanate level in the blood. More 
recently, "Wald, Lindbcrg, and Barker 52 reviewed the toxic manifes- 
tations encountered in cyanate therapy. They admitted that the 
thiocyanates were toxic and stated that their beneficial action in 
reducing blood pressure depended to a certain extent on their pecu- 
liar toxicity. For the most part, the toxic symptoms were mild 
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when the blood cyanate was kept at a safe level and became severe 
only when the amount of cyanate in the blood became definitely 
elevated. No patient who had previously experienced angina pec- 
toris suffered a greater degree of angina during potassium sulpho- 
cvanate therapy, although they felt certain that in a few r cases 
angina had developed as a direct result of the hypotensive action 
ot the drug. No alterations in the electrocardiogram were noted. 
Garvin 4 reported a fatal case in which the toxic manifestations of 
the thiocyanate appeared while the blood level w'as supposedly in 
the non-toxic range and death v r as thought to be due to an idio- 
syncrasy to the drug. He concluded that since such intolerance 
cannot be recognized in advance, thiocyanate therapy must be 
considered dangerous. Robinson and O’Hare 10 published" the results 
of their experience with a series of 75 patients treated with thio- 
cyanates which in general paralleled those of Barker. Mosenthal, 9 
in reviewing the medicinal treatment of hypertension, stated- 
“There is no doubt that the cyanates in sufficient doses will low T er 
blood pressure and relieve symptoms of hypertension, though their 
administration is associated with considerable danger.” But he 
added : " Control of the thiocyanate administration by quantitative 
determination of the cyanates in the blood, as suggested by Barker, 
is a distinct advance in this therapy. The original conclusion of 
Barker that the optimal therapeutic level ranges between 7 and 
12 mg. per 100 cc. of blood and that higher concentrations may be 
associated with toxic manifestations has been verified and furnishes 
an excellent guide to the rational use of the cyanates.” 

Current Comment 2 has recently called attention to several un- 
favorable reports regarding the sulphocyanates, including the one 
by Garvin, 4 and concluded: “The value of sodium or potassium 
thiocyanate, in the light of its dangerous possibilities, seems more 
doubtful than ever.” 

It is obvious from the controversial nature of the foregoing 
references that the advisability of administering thiocyanates for 
the control of hypertension is still a moot question. It can be 
settled only through further experience and by the reporting of 
results obtained by physicians dealing with this problem. 

Present Series. During the past 11 years 50 patients consisting 
of 21 males and 29 females with “essential hypertension” have 
been treated with potassium sulphocyanate in the Cardiology 
Department of this hospital.* With one or 2 exceptions all were 
ambulatory throughout the period of observation. The important 
characteristics of the group have been summarized in Table 1 . T he 
age of the patients ranged from 16 to 78 years (average, 51). In 
the 39 cases in which hypertension had been diagnosed previous to 
their being seen in the Cardiology Department, the known duration 

* We are indebted to Dr. M. J. Lustok of Milwaukee for the follow-up data on 
one of the patients who originally belonged to this series. 
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of the condition varied from 1 month to 25 years with a mean of 
5 years. Evidence of hypertensive, rheumatic or coronary heart 
disease was found in 30 patients and signs of renal involvement 
were present in 19. Arteriosclerosis was relatively common. Other 
complications such as diabetes, glaucoma and food allergies oc- 
curred less frequently. The systolic blood pressure after a period 
of stabilization and prior to starting sulphocyanate therapy, ranged 
from 155 to 245 mm. of mercury with a mean of 197 for the entire 
group. The diastolic pressure ranged from 90 to 145 with a mean 
of 115. 

Table 1.— Present Series. 



Males. 

Females. 

Total. 

Number of eases 

Age in years: 

21 

29 

51) 

Range 

10-05 

3S-78 

10-78 

Average 

Known duration of hypertension 

49 

53 

51 

in 39 cases: 




Range 3 mos.-13 yrs. 

1 mo.-25 yrs. 

1 mo. -25 ; 

Average 4 

Number of cases treated under labor- 

. 3 yrs. 

.5 8 yrs. 

5 . 1 yrs, 

atory control 

IS 

25 

43 

Number of patients with heart disease 

15 

15 

30 

Number of patients with renal involve- 




incut 

11 

S 

19 


Method. In practically every case the patient was observed over a 
period of at least 3 months, and in many instances for one or more years, 
during which the usual hygienic measures were instituted and various 
types of treatment employed, including vasodilators, potassium iodide and 
sedatives such as bromides and barbiturates. Blood pressure readings 
were taken at frequent intervals and it was not until after the arterial ten- 
sion had become relatively stabilized under this sort of a regimen that 
potassium sulphocyanate therapy was begun. 

The drug was administered in an aqueous solution* containing 5 grains 
to the dram and the patient started on a dose of 1 dram (5 grains) 2 or 
3 times a day. The blood cyanate was determined at weekly intervals and 
the initial dose continued until the therapeutic level of 6 to 12 mg. per 
100 cc. was reached. The amount was then reduced and a maintenance 
dosage was determined for each individual patient such that the blood 
cyanate was kept within the therapeutic range at the level which appeared 
to produce the optimum blood pressure response. After the first few weeks, 
blood samples were taken at approximately monthly intervals, and in some 
cases even less frequently. 

It should be emphasized that no attempt was made to force an excessively 
high blood pressure down to a normal level, but simply to reduce the tension 
below the danger range and thus relieve the excessive strain on the heart, 
kidneys and cerebral vessels. 

Results. Subjective Improvement. The degree of subjective im- 
provement is given in Table 2. Four of the patients had experi- 
enced none of the usual hypertensive symptoms but of the 49 who 

* Recently some patients have !>een receiving enteric-coated tah!<»;= containing 
it grains of potassium sulphocyanate supplied throucli the rotirte-y of the Eh Lilly 
Company of Indianapolis. These have proved highly satisfactory and, for the mo-' 
part, have boon preferred hv the patients. 



382 


KURTZ, SHAPIRO, MILLS: 


complained of headaches, dizziness, tinnitus, easy fatigue and other 
distressing sensations commonly associated with hypertension, 13 
(28%) reported practically complete relief from their symptoms 
and were rated as showing excellent subjective improvement. The 
results were considered good in 16 (35%), fair in 9 (20%), while 
relatively little or no improvement was noted in 6 (13%). Group- 
ing the excellent and good results together, approximately 63 % felt 
definitely better while taking evanate. Six patients tolerated the 
drug poorly as evidenced by precordial pain in 1, a skin rash in 3 
and a skin rash combined with falling hair in 2. One patient com- 
plained of nausea at first, but this was of short duration and did 
not prevent continuance of the treatment. The most serious toxic 
reaction encountered occurred in a woman of 68 who became men- 
tally confused and went into a state of physical collapse in spite of 
the fact that the blood cyanate did not exceed the accepted thera- 
peutic level. During the course of the next 3 years, two subsequent 
attempts were made to administer cyanate because of a dangerous 
and uncontrollable rise in the arterial tension, but a repetition of 
the toxic reaction on both occasions made it necessary to abandon 
this form of therapy. Another patient, a woman of 38, did not feel 
as well while taking the drug, and although the blood pressure 
response was fairly satisfactory, cyanate had to be discontinued. 


Table 2.— Degree of Subjective Improvement. 



No. of 



cases. 

% 

Excellent .... 

13 

281 

Good 


35 / 

Fair 

9 

20] 

Poor or none .... 

6 

13/ 

Worse 

2 

4 

Total .... 

46* 

100 


* Four of the group of 50 patients experienced no hypertensive symptoms. 

Objective Improvement. The results with respect to objective 
improvement are summarized in Table 3. The degree of improve- 
ment was judged largely on the drop in the blood pressure, although 
other factors such as reduction in the degree of cardiac dilatation 
and disappearance of congestive failure were also taken into con- 
sideration in grading the results. The response was considered 
excellent if a moderately high blood pressure could be controlled at 
or below 150 systolic and 90 diastolic. The results were judged as 
good if a systolic level of 160 to 170 and a diastolic level of 100 or 
slightly over could be maintained. Lesser responses were graded 
as° fair or poor, depending upon the individual circumstances. 
Classification into these various grades was modified to a certain 
extent bv the heieht of the original blood pressure level and the 
number of millimeters of mercury through which the pressure 
dropped. In one man, who, previous to treatment, had been carry- 
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ing a tension of 245/145, the reading fell to 180/110 with cyanate 
therapy and the result was considered good. In another patient 
whose pressure dropped from 190/115 to 175/110, the result was 
considered poor. 


Table 3.— Degree of Objective Improvement. 



No. of 
cases. 

f 

Excellent 

24 

48 

Good 

15 

30 

Fair 

8 

1G 

Poor 

3 

G 


— 

— 

Total 

50 

100 


Referring to Table 3, it will be noted that objective improvement 
was considered excellent in 48% of the series, good in 30%, fair in 
16% and poor in 6%. Some degree of reduction was obtained in 
every case, but satisfactory results, grouping the excellent and good 
responses together, were noted in 7S%. In the remaining 22% 
the results were more or less disappointing, but in only 6% were they 
practically nil. 

Blood Pressure Response. The actual drop in the blood pressure 
for the entire group will be found in Table 4. The level at which 
each patient stabilized during the preparatory period was noted and 
the range for the group as recorded under the heading "Before 
KCNS”was 155 to 245 systolic and 90 to 145 diastolic. The mean 
for the entire series was 197 systolic and 115 diastolic. The level 
at which the blood pressure could be maintained by adequate doses 
of cyanate was determined from a large number of readings in each 
case and the results for the group have been listed under the heading 
“With KCNS.” The systolic pressure under treatment varied 
from 130 to 210 with an average of 156 and the diastolic varied 
from 70 to 130 with an average of 94. This represents an average 
drop of 41 mm. of mercury in the systolic pressure and 21 mm. in 
the diastolic pressure. 


Table 4. — Effect of Potassium 

SUI.PHOCYA NATE 

on the Blood 

Pressure. 


Before KCNS. 

With KCNS. 

Net change. 

Systolic B.P. in mm. He: 

Range 

. 155-245 ' 

130-210 


Average for group 

107 

15G 

-41 

Diastolic B.P. in mm. Hg: 

Range 

. 00-145 

70-130 


Average for group . 

115 

04 

-21 


In most instances the blood pressure remained lowered only as 
long as the blood cyanate was maintained at a certain minimum 
level, but in 4 patients who had been known to have hypertension 
for 1 to 21 years, and in 1 where the previous duration was unknown, 
the blood pressure remained within the norma! range for months 
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or years after the evanate was discontinued. However, one is not 
warranted in holding out cyanate therapy as a possible “cure” for 
hypertension as such results have been decidedly the exception 
rather than the rule. 

Optimum Blood Cyanate and Maintenance Dosage. As noted by 
Barker, 1 * the therapeutic range for the blood cyanate seemed to lie 
between 6 and 12 mg. per 100 cc. although in rare instances good 
results were obtained with the blood cyanate as low as 4 mg. and 
in 4 cases levels of 13 to 16 mg. were necessary to obtain a significant 
lowering. Judged on the basis of the combined subjective and 
objective response the optimum blood cyanate level was estimated 
for each patient and the mean for the entire group was found to be 
8.3 mg. per 100 cc. 

Rather marked variation was noted in the dosage of potassium 
sulphocyante needed to maintain the blood cyanate at the desired 
level in the individual case. A few patients required as little as 
3 or 4 5-grain doses per week while others were found to need as 
many as 14. In one instance the requisite maintenance amount 
was 21 5-grain doses a week. Ten doses per week was found to be 
adequate for over a third of the patients and the average for the 
entire series was 9. 

Blood counts, urinalyses and electrocardiograms showed no sig- 
nificant changes during the course of cyanate therapy. Serial 
orthodiagrams revealed a distinct tendency of the frontal area of 
the cardiac shadow to decrease as the blood pressure dropped. 
Results of this phase of the study will be reported in detail in a 
future communication. 

Sympathectomy. Two patients were subjected to bilateral tho- 
racic sympathectomy after having been given thorough trials of 
cyanate therapy. The first patient, a man of 51, whose blood 
pressure was 200/120 before commencing treatment, was controlled 
for a time at a level of 165 to 180 systolic and 105 to 110 diastolic, 
but in April, 1939, it became necessary to reduce the dose of thio- 
cyanate due to the appearance of a skin rash, and the tension 
returned promptly to its previous level. In view of the fact that 
the response to treatment had not been satisfactory and that full 
doses of potassium sulphocyanate were no longer tolerated, sym- 
pathectomy was advised. On May 24, 1939, bilateral supra- 
diaphragmatic sympathectomy was performed by Dr. Loyal Davis 
of Chicago and for a few days thereafter the blood pressure was 
120/72. During the next 2 or 3 weeks the tension gradually climbed 
to 180/110 at which the potassium sulphocyanate was resumed. 
The blood pressure promptly dropped to 150/100 where it remained 
for 5 months. At this time the patient’s wife developed cancer 
and under the resulting nervous strain, the systolic pressure ranged 
from 170 to ISO and the diastolic from 100 to 110. After successful 
surgical removal of the wife’s cancer, the patient’s blood pressure 
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lias again coine under control in the neighborhood of 150/100, he 
has been entirely symp'toin-free, and the skin rash has not recurred. 

The second patient, a nurse of 42 years, had been taking potas- 
sium sulphocyanate with good results for 2 years but then devel- 
oped a skin rash. Sympathectomy was advised in the hope that 
even if the operation failed to effect a permanent reduction in the 
blood pressure, smaller doses of thiocyanate might be employed 
successfully afterward without the production of a dermatitis. 
Extensive sympathectomy was performed on September 5, 1940, 
and for several days thereafter the blood pressure remained around 
130/80. About 3 months later the patient returned to active nurs- 
ing duty and has been working ever since. At the present time, 
7 months after operation, she feels better than she has in years, the 
blood pressure remains at a relatively normal level and there has 
been no indication for the resumption of cyanate to date. It is 
recognized, however, that more time will have to elapse before the 
actual results of the sympathectomy can be accurately evaluated 
in this case. 

Mortality. During the 11 years covered by this study, 4 patients 
in the series died of congestive heart failure, 4 of cerebral hemor- 
rhage, 1 of coronary occlusion and 2 of pneumonia. In no instance 
could death be attributed in any way to the thiocyanate. In fact, 
none of the 9 patients who died of their cardiovascular disease had 
been taking cyanate for 1 or more months preceding death. One 
man of 43 who had shown an excellent response to cyanate therapy 
felt so well that he discontinued treatment of his own accord. One 
month later the blood pressure rose to 170/130 and a fatal cerebral 
hemorrhage occurred. A banker, 45 years of age, who was fairly 
well controlled over a period of S months on potassium .sulpho- 
cyanate voluntarily discontinued the drug during the fall of 1937 
and in January, 193S, suffered a subarachnoid hemorrhage which 
incapacitated him for several weeks. He was readily persuaded to 
resume cyanate therapy after he had recovered and was faithful to 
the treatment for about 9 months. At this time he decided to dis- 
continue cyanate and give a garlic and parsley preparation a trial. 
He did not again return for observation and about 1 year later was 
reported to have died of a cerebral hemorrhage. Judging from the 
mortality experience furnished by this limited series, it would 
appear that a hypertensive patient is actually safer while taking 
cyanate in adequate doses, for in no instance did a patient die while 
taking the drug. Moreover, in only one instance did a cerebral 
hemorrhage occur while a patient was' taking cyanate and this 
happened in one of the few patients whose blood pressure responded 
very poorly to treatment. Obviously, it is impossible to draw any 
definite conclusions as to the ability of cyanate therapy to prolotur 
the life of a hypertensive patient as there is no way of knowing 
how long the patient would have lived without treatment: but tin* 
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authors have obtained the clinical impression that cyanate does 
postpone heart failure and cerebral accidents and thus tends to 
prolong life in those patients who respond well to therapy. 

• Case Reports. Case 1. — J. M., a 55-year-old white male, was first seen 
in the Cardiology Department, October 9, 1936. He had been known to 
nave high, blood pressure for the past 11 years and, during this period, 
had experienced temporal and occipital headaches which usually came on 
right after breakfast and lasted all day. They had occurred only infre- 
quently for several years but recently had been present every day and were 
becoming almost unbearable. 

On physical examination the pulse was regular at the rate of 72 and the 
blood pressure was 210/110. Systolic murmurs were present at the mitral 
and aortic areas. There was no evidence of congestive failure. 



Chart 1. — Clinical course in Case I, a 55-year-old white male. Had suffered 
from hypertension and severe headaches for II years. Symptoms were completely 
controlled by thiocyanate therapy. Chart covers a period of 4 years and is composed 
of representative readings obtained at intervals. The thiocyanate dosage is graphed 
as number of 5-grain doses per week. 


Orthodiascopic examination revealed moderate dilatation of the aorta 
and moderate enlargement of the left ventricle. The electrocardiogram 
showed the typical pattern of left ventricular strain. 

The following diagnosis was made: hypertensive heart disease, moderate 
cardiac enlargement, moderate dilatation of the aorta, advanced myocardial 
degeneration, marked hypertension, relative mitral regurgitation and dia- 
betes mellitus. , . . 

Since the patient was known to have had hypertension for at least 
11 years and in spite of various types of treatment had continued to suffer 
from severe headaches, he was immediately started on potassium sulpho- 
evanate and was given 5 grains twice daily for 2 weeks after which he vas 
maintained on a dose of 5 grains 10 times weekly. The headaches com- 
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pletely disappeared after 3 weeks and did not recur for a period of 2 years. 
During the past 2 years there has been a tendency for the headaches to 
return although they have not been nearly as severe nor as frequent as 
previously. Strangely enough the recurrence of the headaches has not 
been accompanied by a rise in blood pressure. This patient’s course is 
shown graphically in Chart 1 and it will be seen that his systolic pressure 
has been maintained at an average of 160 and the diastolic in the neighbor- 
hood of 90. The blood cyanate has ranged for the most part between 5 
and 10 mg. per 100 cc. This man has remained ambulatory and serial 
orthodiagrams have shown no increase in the heart size. In February, 
1940, he went through an attack of lobar pneumonia from which he made 
an uneventful recovery. The cardiac reserve has remained low but there 
has never been any evidence of frank congestive failure. 



Chart 2. — Clinical course in Case 2, a 51-year-old white male. Graph illustrates 
an excellent initial response to therapy and a definite rise in blood pressure whenever 
the drug was temporarily discontinued. A satisfactory response was always obtained 
with resumption of therapy. 


Case 2.— N. B., a Jewish clothing store owner, of 51, was first seen on 
November 2, 1936. He was known to have had high blood pressure for 
13 years but felt fairly well until 5 weeks before admission when he was 
seized with marked shortness of breath, expectoration of frothy sputum 
and a feeling of pressure in the chest. He was taken to a hospital and given 
oxygen which relieved the attack in 4 hours. One week later he had a 
second attack following which he was confined to the hospital for 10 days. 
In spite of remaining a! complete bedrest, he had suffered three similar but 
less severe attacks in the meantime. 

Physical examination revealed obesity, marked dyspnea while sitting 
quietly in a chair, definite alternation of the pulse, blood pressure 215 140, 
moderate enlargement of the heart, gallop rhythm and an enlarged and 
tender liver. 
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100 cc. and lias controlled the blood pressure at an average level of 135/90. 
She has been entirely free from headaches during this time. In October, 
1938, the blood pressure was 125/80 and the drug was discontinued tempo- 
rarily. Six weeks later the blood pressure was found to be 160/105 but the 
headaches had not returned. The cyanate was resumed and the blood 
pressure has been controlled in the region of 140/95 ever since. The clinical 
course is illustrated in Chart 3. 



Chart 3. — Clinical course in Case 3, a 54-year-old white female. Patient has 
been under treatment with thiocyanate for 9 years. Blood pressure lias been satis- 
factorily controlled on 7 to 10 5-grain doses per week. 


Discussion. Notwithstanding the monumental experiments of 
Goldblatt , 6 dealing with the production of hypertension in dogs and 
the numerous elaborate studies which have been inspired by his 
work, the problem of the etiology and mechanism of “essential 
hypertension” in man is still not clearly understood. As a result 
there is a great diversity of opinion among leading authorities as to 
whether one is ever justified in attempting to reduce an elevated 
blood pressure. Those who take the negative side of the question 
oppose treatment on the grounds that hypertension is a compensa- 
tory mechanism necessitated by a pathologic reduction in circulation 
to some tissue or organ and that a lowering of the arterial tension 
will result in a deficient blood supply to the tissue or organ involved. 
On the other hand, many eminent clinicians feel that an excessively 
high blood pressure, uncontrolled over a period of years, in most 
instances leads to heart failure, cerebral hemorrhage or uremia and 
premature death, and that if a moderate reduction of the blood 
pressure can be effected, the degenerative process can be retarded 
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and life prolonged possibly for a number of years. To those who 
believe in actively treating and reducing an elevated blood pressure, 
potassium thiocyanate offers an effective weapon which can be 
depended upon to afford both subjective and objective relief in the 
majority of cases. 

It must be remembered that thiocyanate is a toxic drug and cannot 
be employed indiscriminately. It should never be given unless 
laboratory control is available and both doctor and patient are 
willing to take the trouble of having the blood cyanate checked at 
regular intervals. The individual variation in the susceptibility 
and response of patients is so marked that the optimum blood 
cyanate level and the dosage necessary to maintain this level have 
to be determined for each case. Treatment should not be offered 
to any patient who is not willing to cooperate fully and report for 
blood cyanate determinations at frequent intervals until his opti- 
mum dose has been determined. Except in rare instances the mar- 
gin of safety between the therapeutic and toxic range is sufficiently 
wide to enable one to easily avoid any serious reactions due to the 
drug itself if reasonable care is exercised. Minor complications 
such as skin rashes, falling hair and mild aching of the muscles, 
particularly those of the thigh, may be expected in approximately 
10% of the cases, but only infrequently will it be necessary to dis- 
continue treatment permanently. Organic heart disease and even 
fairly marked degrees of renal impairment have not proved to con- 
stitute contraindications to the drug. However, it has been found 
that patients who have suffered a cerebral accident do not respond 
well to this type of therapy. 

We feel compelled to take issue with the conclusions expressed 
in a paragraph entitled, “Hypertension and the Thiocyanates” (in 
Current Comment of the J. Am. Med. Assn. 2 ). Referring to 
Garvin’s paper 4 the statement was made that, “A recent communi- 
cation revealed eight fatalities reported as following the intake of 
thiocyanate.” An analysis of Garvin’s paper shows that of 7 fatal 
cases collected from the literature, 3 of the patients were not under 
treatment with the drug but took large amounts with suicidal 
intent. It is hardly fair to include such cases as an argument 
against the therapeutic use of a drug. In the case which Garvin 
himself reported, cyanate intoxication could probably have been 
avoided had the principles and methods advocated by Barker been 
more closely followed. Terminally, there was clinical evidence of 
bronchopneumonia which was confirmed at autopsy. It is per- 
fectly possible that the pulmonary infection rather than the cyanate 
intoxication may have been the actual cause of death. 

Current Comment 2 also stressed the findings of Hamilton et a/., 7 
who had observed the effect of sodium thiocyanate on the blood 
pressure of hvpertensive dogs. These investigators had observed a 
definite fall in pressure following administration of this drug, but 
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attributed the results to weather changes, and concluded that, “ Cy- 
anate did not produce a significant permanent lowering of the blood 
pressure in hypertensive dogs.” Unfortunately, the crucial figures 
were lacking from their published data and the conclusions drawn 
were not warranted by the material presented. We strongly question 
whether Current Comment, on the basis of the material on which 
'it predicated its opinion, can justify the implication that thio- 
cyanate is too dangerous a drug to use clinically and possibly should 
be abandoned. No one will deny that the sulphocyanates are more 
or less toxic, but if the dose is intelligently regulated through ade- 
quate laboratory control as previously described, therapy can be 
extremely valuable and relatively safe. 

The present outlook for combined sympathectomy and cyanate 
therapy is somewhat promising for those cases which do not respond 
to cyanate alone, but considerably more time and experience will 
be required to determine the value of this rather radical procedure. 

Summary and Conclusions. During the past 1 1 years 50 patients 
with essential hypertension have been treated by the authors with 
potassium sulphoeyanate. Barker’s method of laboratory control 
has been employed routinely since June, 1935. 

Subjective improvement as estimated by the disappearance of 
headaches, dizziness, tinnitus, and so on, was very definite in 63%, 
fair in 20% and disappointing in 17%. Six patients exhibited poor 
tolerance for cyanate as evidenced by precordial pain in 1, skin rash 
in 3 and skin rash combined with falling hair in 2. In addition, there 
were 2 other patients who felt distinctly worse while under treat- 
ment. One of these was apparently very sensitive to thiocyanate 
and treatment had to be abandoned because of mental confusion 
and physical collapse even with the blood cyanate in the accepted 
therapeutic range. 

Some degree of reduction of the blood pressure was obtained in 
every case and objective results were considered satisfactory in 
7S%, fair in 16% and poor in 6%. The average systolic pressure for 
the entire group dropped from 197 before, treatment to 156 with 
treatment while the average diastolic pressure dropped from 115 to 
94. In 4 instances the blood pressure remained normal for months 
or years after discontinuing thiocyanate. 

The optimum blood cyanate level ranged from 4 to 16 mg. per • 
100 cc. with an average of S.3 mg. The maintenance dose of potas- 
sium sulphoeyanate varied from 3 to 21 5-grain doses per week, with 
an average of 9 doses per week. 

Extensive sympathectomy was performed in 2 cases but insuffi- 
cient time has elapsed to properly evaluate the results. 

During the 11-year period of observation 4 patients died of heart 
failure. 4 of cerebral hemorrhage. 1 of coronary occlusion and 2 of 
pneumonia. In no instance could death be attributed either 
directly or indirectly to cyanate administration. 
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Three illustrative eases have been described briefly. 

Potassium sulphocyanate is regarded by the authors as a valuable 
drug in the treatment of hypertension and, properh employed, 
capable of prolonging life and me< riiii:i<; disability in a substantial 
percentage of patients -imeiing Mom •, hi, condition. 

Potassium sulphocyanate can be safely administered provided 
proper laboratory control is exercised at all times. 
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CONGENITAL HEART DISEASE DURING PREGNANCY. 
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Congenital heart disease constitutes between 1% and 2% of all 
organic heart disease so that it is a rare finding in pregnant women. 
Abbott’s grouping 1 of these cases according to their tendency to 
cyanosis is of great importance because it affords a basis for pre- 
dicting certain phj siologic reactions under strain. This is particu- 
larly important when one wishes to arrive at a prognosis as to the 
effects of pregnancy and labor. Abbott’s three groups are as fol- 
lows: 1, the ac\ anotic group, those without abnormal communica- 
tions between the right and left side of the heart; 2, the cyanosc 
iardive group, those with an arteriovenous connection with the 
possibility of transient or terminal flow from the venous to the 
arterial side; 3, the Morbus Cxrvleus group with a permanent 
veno-arterial shunting of the blood. Diagnosis of the particular 
lesion present is notoriously difficult but the recent advances in 
diagnosis by means of Roentgen rays and the determination of the 
circulation rate from vein to lungs and from v ein to periphery should 
be of definite assistance. 
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In 1905 Pouliot 20 stated that marriage was contraindicated in 
congenital heart disease only in the presence of cyanosis, and in 
1912 Couderc 0 concluded that if the condition was compatible with 
adult life, the prognosis depended less upon the form of the lesion 
than upon the state of compensation, degree of cyanosis and poly- 
cythemia, parity, and advent of complications especially tuberculosis 
and endocarditis. In 1920 Hochsinger 10 emphasized the importance 
of preexisting or developing cyanosis as an indication for the inter- 
ruption of pregnancy, but more recently Shapiro and Simons 24 have 
stated that congenital heart disease even though accompanied by 
a high grade of cyanosis is not in itself a contraindication to preg- 
nancy. Breed and White 3 state, “If a patient with congenital 
heart disease has survived to the childbearing age without signs of 
incapacity for normal activity she will certainly be able to pass 
through pregnancy and labor without difficulty.” Carr and Hamil- 
ton 6 concluded that cases without communication between right 
and left sides of the heart or between the aorta and pulmonary 
artery did well, whereas those in which the possibility of veno- 
arterial shunt existed sometimes developed sudden alarming symp- 
toms as a result of the pressure changes which follow sudden empty- 
ing of the uterus. These symptoms most commonly developed after 
Cesarean section or internal podalic version and in some instances 
death had followed. The authors advocated postpartum binding 
of the limbs and abdomen to increase and maintain peripheral 
resistance. 

In view of the varying opinions expressed by these different 
authors, it seemed important again to review a group of patients 
with congenital heart disease since there have only been sporadic 
ease reports since the series collected by Couderc in 1912. Since 
1932 at the New York Lying-In Hospital there have been 10S9 
recognized cases of organic heart disease in approximately 31,000 
obstetrical patients. Of these 10S9 cases, 20 (1.89%) have been 
diagnosed as having congenital heart disease and are summarized 
in Table 1. 

There were S cases diagnosed as pulmonic stenosis, their average 
age being 24 and the average parity 0.5. It is not without some 
hesitation that we present a clinical group with this as the primary 
diagnosis but it was the sole discharge diagnosis in each instance. 
The cases, however, presented a common clinical picture indicating 
a congenital lesion which differed from the other diagnostic groups. 
All had a loud systolic murmur and most of them a thrill over the 
pulmonic area. There were varying degrees of enlargement of the 
heart and of the pulmonary conus. It is probable that other lesions 
also were present and p'ossibly the tetralogy of Fallot in iiwM of 
them, with its association of pulmonic stenosis, dextroposition of 
the aorta, patent interventricular septum and right ventricular 
hypertrophy. This is particularly likely to he the case in the 
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4 patients with cyanosis. As the authors had not personally seen 
all these patients it seemed better to treat them as a group in spite 
of the fact that some were more definitely suggestive of the tetral- 
®Sy than others. Another reason for this decision is the frequency 
of the diagnosis of pulmonic stenosis in reports in the obstetrical 
literature so that this group is comparable with these cases. 

Therapeutic abortion was performed in 2 instances. The first 
patient, Case 7, was a 22-year-old white primigravida with known 
congenital heart disease since birth. At the age of 15 she developed 
severe hypertension which was associated with headaches, dizziness, 
and marked dyspnea on exertion. At 21 she had an episode of renal 
failure. When first seen in the early part of pregnancy there was 
bilateral retinal edema. Cardiac examination revealed a loud sys- 
tolic murmur and an inconstant thrill over the pulmonic area. 
Cyanosis and clubbing were absent. Blood pressure was 210/130. 
A roentgenogram of the chest revealed an enlarged pulmonary conus 
without appreciable cardiac enlargement. The electrocardiogram 
was negative. The vital capacity was 2000 cc. Blood chemistry 
and renal function tests were normal. Therapeutic abortion was 
performed under local anesthesia at 3 months’ gestation primarily 
because of the hypertension and the past history of renal failure. 

The second patient, Case 8, colored, aged 19 years, was also 
known to have had congenital heart disease since the time of birth, 
cyanosis and marked dyspnea on exertion having been present fre- 
quently. There was marked cardiac enlargement, a systolic mur- 
mur and thrill at the pulmonic area, and a systolic murmur at the 
apex. There were no pulmonary rales, edema or liver enlargement. 
The vital capacity was 1500 ce. Clubbing and polycythemia were 
absent. The electrocardiogram revealed right axis deviation. 
Cardiac films revealed enlargement of all chambers and fullness of 
the pulmonary conus. Because of the marked cardiac enlargement 
and the low cardiac reserve a therapeutic abortion was performed 
under open drop ether at 3 months’ gestation. The patient was 
discharged in a satisfactory condition. She was seen again 3 years 
later when she appeared at the clinic 5 months pregnant suffering 
from lobar pneumonia and mild cardiac failure. She was digitalized 
and received 44 gm. of sulfathiazole over a period of S days. She 
recovered from the pneumonia. At this time Roentgen ray study, 
electrocardiograms and clinical examination failed to reveal any 
significant changes since the previous admission. In view of the 
advanced stage of the pregnancy the patient was kept on restricted 
activity in the hospital under digitalis therapy until delivery. She 
went into spontaneous labor at term and was delivered by low for- 
ceps at full cervical dilatation under local anesthesia. Throughout 
labor the pulse and respirations did not rise significantly, the maxi- 
mum pulse rate being 96 and the maximum respiratory rate 22. 
The postpartum course was uneventful. 
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In this group of patients cardiac enlargement was present in 0. 
Mild cyanosis was present in 4 cases without increased intensity 
being noted during pregnancy or labor, and none had polycythemia. 
Three patients (Cases 2, 6 and 8) of the 4 who were cyanotic, com- 
plained of dyspnea on exertion which began about the fourth month 
of gestation, increased as pregnancy progressed but never became 
more than moderate in degree. The Functional Capacity (accord- 
ing to the scheme of the New York Heart Association) was diagnosed 
Class 2 in 2 cases, Class 3 in the other. Neither in these 3 cases nor 
in any other of the pulmonic stenosis group did the respirations rise 
above 24 per minute during labor. The fourth cyanotic patient 
suffered from dyspnea and palpitation throughout pregnancy with 
relief shortly after delivery. Neither this patient nor any other of 
the pulmonic stenosis group had a pulse rise over 110 per minute 
during pregnancy or labor. To summarize then, except for the 
2 cases which required therapeutic abortion and the 1 patient who 
was successfully treated for pneumonia, this group presented no 
serious problems during pregnancy, labor or the puerperium. 

Including the series of Couderc,® Naish, 16 and Jensen 11 there are 
25 other reported cases of pulmonic stenosis complicating pregnancy. 
Jensen found the average age to be 22.9 and the average parity 1.5. 
There are no deaths which could be attributed to the lesion. Three 
patients had symptoms of cardiac insufficiency during pregnancy 
(Durozier, 8 Laennec, 13 and Siredav, 25 the last case being complicated 
by patent foramen ovale), 2 patients had cardiac difficulty during 
labor (Courdec, Case 7, and Payraud, 17 the latter case being compli- 
cated by an interventricular septal defect). 

In the present series there were 4 cases of interventricular septal 
defect the average age being 28 and the average parity 1 .3. None 
had cyanosis or polycythemia. Three had cardiac enlargement and 
1 complained of dyspnea and palpitation on exertion beginning 
about the fourth month of gestation, increasing as pregnancy pro- 
gressed so that she was diagnosed as Class 3 Functional Capacity. 
There was some relief of the dyspnea at term prior to labor. Jn this 
case labor was uneventful, the pulse and respirations remaining at 
physiologic levels, and all symptoms disappeared within the fir.'.t 
24 hours postpartum. In summary, this group presented no serious 
problems during pregnancy, labor, or the puerperium. 

Including the series of Couderc and Jensen there are 32 other 
reported cases of interventricular septal defect complicating preg- 
nancy. Jensen found the average age to be 28.5 and the average 
parity 2.2. Two of the 4 recorded deaths can be attributed to the 
lesion— both died of congestive failure at (i months' gestation 
(Ferraro. 2 and Jonen. 12 the latter ease being complicated by a widely 
patent foramen ovale). Two patients had less serious cardiac 
difficulty during pregnancy (Bernard, 2 and IVlsudre 7 ). but there i- 
no mention of difficulty during labor nr the puerperium. 
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In the present series there were 3 cases of coarctation of the aorta 
all pregnant for the first time, the average age being 25. These 
cases have been previously reported in detail by Mendelson 15 
together with a survey of the literature and analysis of the pre- 
viously reported cases. All had cardiac enlargement and mild 
cyanosis with slight increase in hue as pregnancy progressed but 
never intense or accompanied by polycythemia. None had tachy- 
cardia during pregnancy but all experienced dyspnea beginning 
about the fourth month of pregnancy, increasing with the progress 
of gestation except for slight but definite relief prior to labor at 
term. The first patient was delivered by elective Cesarean section 
at term, the dyspnea disappeared within the first 24 hours post- 
partum, and the subsequent course was satisfactory. The second 
patient delivered spontaneously after a 4-hour labor during which 
the pulse and respirations remained at physiologic levels but post- 
partum the dyspnea became more severe and the general condition 
markedly worse. Definite cardiac and vascular changes were indi- 
cated by the development of a diastolic murmur to the left of the 
sternum. Cesarean section and tubal sterilization were performed 
in the third patient shortly after the onset of labor at which time 
the pulse rate had risen to 120 per minute and the respiratory rate 
to 30 per minute. Digitalis had been administered prior to opera- 
tion and was continued for the first 2 days postpartum. The pulse 
and respiratory rates returned to normal within the first 48 hours 
and the subsequent course was satisfactory. 

Mendelson found 29 other reported cases of coarctation of the 
aorta complicating pregnancy. The average age was 34 and the 
average parity 3. There were 5 deaths attributable to the lesion— 

2 from rupture of the aorta, 1 from cerebral accident, 1 from cardiac 
failure, and 1 from endocarditis, and in over one-half the cases preg- 
nancy and labor had a deleterious effect upon the patient’s condi- 
tion. With these patients a satisfactory clinical condition does not 
necessarily indicate a good immediate prognosis for there are the 
ever-present dangers of aortic rupture, cerebral accident, or valvular 
damage, and these risks are enhanced by the physiologic mechan- 
isms of pregnancy and labor. 

In the present series there were 2 cases of patent ductus arteriosus, 
the average age being 24 and the average parity 0.5. There was no 
instance of dyspnea, cyanosis, polycythemia, or any cardiac diffi- 
culty during pregnancy, labor, or the puerperium. 

Including the series of Couderc and Jensen there are 31 other 
reported cases of patent ductus arteriosus complicating pregnancy. 
Jensen found the average age to be 27.2 and the average parity 2.2. 
There are 6 recorded deaths only 2 of which can be attributed to the 
lesion— 1 died of congestive failure at 5 months’ gestation (Schulcz- 3 ) 
and the other died of congestive failure following Cesarean section 
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at term (Tunis 20 ). There is no mention of any cardiac difficulty 
during pregnancy, labor, or the puerperium, in the other eases. 

In the present series there was I case of patent foramen ovale— a 
35-year-old para III gravida V who was free of dyspnea, cyanosis, 
polycythemia, or difficulty during pregnancy, labor, or the puer- 
perium. 

Including the series of Couderc and Jensen there are 18 other 
reported cases of patent foramen ovale complicating pregnancy. 
Jensen found the average age to be 32.5 and the average parity 6.6. 
There are 10 recorded deaths only 6 of which can be attributed to 
the lesion (Campbell, 4 Jonen, 12 Porak, 19 Rudaux, 22 Perreymond, 18 
and Roseinund 21 — the last 2 cases being complicated by other medi- 
cal conditions). Therapeutic abortion was performed in 1 case 
which survived (Lowi 14 ). In the remaining 7 cases there is no 
mention of any cardiac difficulty during pregnancy, labor or the 
puerperium. 

In the present series there were 2 cases without a specific diagnosis 
of the congenital anomaly. In neither was there dyspnea, cyanosis, 
polycythemia or other cardiac difficulty. The one had a normal 
delivery and the other a spontaneous abortion at 18 weeks. 

Although not encountered in this series, mention is made for the 
sake of completeness of two other rare congenital defects —dextro- 
cardia and congenital hypoplasia of the aorta. Dextrocardia per »e 
does not constitute a problem, although the anomaly is frequently 
associated with other defects. Jensen found 5 cases of isolated 
dextrocardia in which pregnancy was entirely uneventful. Con- 
genital hypoplasia of the aorta is usually associated with sexual 
immaturity and is rarely seen in childbearing women. There are 
in the literature 2 deaths during pregnancy attributed to this lesion, 
both due to cardiac failure— 1 at term (Weibel 28 ), and the other 
postpartum (Wagner 27 ), but no other complications are recorded. 

The cardiac Functional Capacity of the patients in the present 
series according to the scheme of the Xew York Heart Association 
is seen in Table 2. 

Patients with cardiac disease are placed in Class 1 when there 
is no limitation of their physical activity because of the heart; 
Class 2 patients show slight limitation of their physical activity by 
symptoms due to the heart; Class 3 patients show marked limita- 
tion by such symptoms on attempting physical activity, while 
Class 4 patients have such symptoms while at rest and any physical 
activity will increase these symptoms. 

Table 2.— Relation of Parity and Cardiac Functional Capacity. 


Cli« 1. a.TA«2. 3. CD- 1. 

9 3 1 

4 3 0 

5 0 1 


Total number of patient? 
PriniiKravitln; . 

Muhifrravid.Y' . 


4 

3 
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It will be noted that 80% of the patients were in Classes 1 or 2. 
Except for the 1 case of cardiac failure (Case 8) there was no change 
in the functional capacity during pregnancy, labor, or the puerper- 
ium. Classes 2 and 3 patients were admitted for rest, observation, 
and evaluation at least 2 weeks before term. An increase in parity 
did not seem to be associated with a more serious cardiac situation, 
the one case subjected to therapeutic abortion because of heart 
disease being a primigravida with pulmonic stenosis and marked 
cardiac enlargement and this patient was successfully delivered at 
term in a subsequent pregnancy. 

It has been customary to administer digitalis to patients in 
Classes 2 and 3 if the pulse or respirations exceed physiologic levels 
early in labor prior to the onset of bearing down efforts, as it is 
believed that impending cardiac failure may be averted or more 
rapidly and efficiently treated by such procedure. In such patients 
also the second stage of labor would be eliminated or appropriately 
shortened by forceps delivery. In the present series digitalization 
was required in only 2 patients. In 1 of these Cesarean section was 
performed because of coarctation of the aorta, and in the other 
there was a complicating lobar pneumonia. 

No signs or symptoms of veno-arterial shunt occurred in the group 
with lesions allowing for such an occurrence although there was no 
instance of major operative procedure, prolonged second stage, or 
excessive blood loss among those patients. Prolonged second stage 
is considered dangerous in this respect because of the possibility of 
unduly increased pressure in the pulmonary circuit from prolonged 
and excessive bearing down efforts. The judicious use of outlet 
forceps should help to reduce the chances of shunt due to these 
pressure changes. Careful observation during the first 24 hours 
postpartum failed to reveal any untoward symptoms or physical 
signs suggesting cardiac embarrassment. 

There was no instance of intrapartum or puerperal infection. 
Congenital cardiovascular defects from a locus minoris resistentue 
and with this in mind strict attention is paid to aseptic technique, 
so that all procedures which increase the likelihood of infection are 
avoided if possible. Vaginal examinations are omitted, rectal ex- 
aminations reduced to a minimum, and local anesthesia employed 
at delivery to guard against third stage hemorrhage. The average 
third stage blood loss for the series was 107 cc. whereas that for 
the average clinic patients is 247 cc. 

Summary and Conclusions. The majority of patients with serious 
congenital heart disease succumb before reaching puberty, lliose 
that survive require evaluation if childbearing is contemplated. In 
addition to the general physical condition, such factors as cardiac 
functional capacity, the size of the heart, the degree of cyanosis and 
polycythemia, and the particular lesion merit special consideration. 
Cyanosis per se is not a contraindication to pregnancy. 
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Pregnancy and labor present such definite risks to patients with 
coarctation of the aorta that contraception should be practised in 
this condition. If discovered early in pregnancy therapeutic abor- 
tion is indicated, but if gestation is far advanced and interruption 
from below not feasible, delivery should be effected by Cesarean 
section and tubal sterilization performed. 

Cases of widely patent foramen ovale, interventricular septal 
defect, and patent ductus arteriosus form another special category 
by virtue of the possibility of veno-arterial shunt. Such an occur- 
rence has not been observed in this series but certain precautions 
should be taken to avoid the possibility of the rare but serious acci- 
dents referred to in the literature. Arterial blood pressure should be 
maintained by avoiding traumatic procedures and postpartum hem- 
orrhage, or by promptly instituting appropriate therapeutic meas- 
ures in the event of such occurrences. Local anesthesia at delivery 
will decrease third stage blood loss and the judicious use of outlet 
forceps will obviate undue bearing down efforts with resulting in- 
creased pressure in the pulmonary circuit. Particular attention 
should be paid to the avoidance of infection. 

Classes 2 and 3 patients should be admitted several weeks prior 
to term for rest and study. In such patients with cardiac enlarge- 
ment digitalis should be used if the pulse or respiratory rate exceeds 
physiologic levels early in labor, before the onset of bearing down 
efforts. The second stage of labor should be eliminated for these 
patients or appropriately shortened by forceps delivery. Careful 
observation should extend throughout the first 24 hours postpartum. 

The difference between the lack of mortality in this series and the 
11% mortality reported in the 135 cases from the literature is sur- 
prising. We encountered only 1 patient in Functional Class 4 and 
3 patients in Class 3. If 2 or 3 of these had died there would have 
been a mortality in our series comparable to the figures in the 
literature. We realize that there is a tendency for the literature to 
contain the most severe cases and particularly cases that have died, 
because these are likely to afford a more exact diagnosis through the 
possibility of an autopsy being performed. We would like to think 
that our low mortality is in part at least due to the care with which 
our patients have been followed and partieularlv to the attempts 
which were made by using rest and digitalis and appropriate obste- 
trical procedures to save those patients with any signs of cardiac 
insufficiency from encountering a strain during-pregnancy or labor 
which might have been harmful. 
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PREGNANCY AND THE DEVELOPMENT OF MAMMARY 

CANCER.* 

By Joseph Scapier, M.D., Dr. Des Sciences, 

PROFESSOR IN THE CROIX-ROUGE FRANCAI8E; ASSISTANT IN THE PASTEUR INSTITUTE, 

ALGIERS, NORTH AFRICA. 

(From the Red Cross Hospital and the Cancer Laboratory of the Pasteur Institute 

of Paris.) 

The 2 clinical cases that we report below and the facts that 
became apparent in the course of this study suggest a certain num- 
ber of reflections. We shall begin by describing the evolution of 
the process in the 2 cases and then present the connections that 
we feel justified in making. 


Case Reports. Case 1.— Madam S, aged 35, had been treated up to 
1937 for a calculous cholecystitis with several crises of hepatic colic. In 
1937, following a double postpartum phlebitis, which required 2 months in 
bed, this patient noticed several lumps in the upper part of her right breast. 
She consulted a number of physicians and surgeons all of whom agreed in 
the diagnosis of benign adenomata. This was confirmed by histologic 
examination of a nodule removed at biopsy. Up to 1939 the patient 
remained in excellent health, continuing her daily work. The breast 
nodules, examined on several occasions, showed nothing suspicious. There 
was no adenopathy or evidence of malignant change, but rather a progres- 
sive diminution in size. 

The patient went through a normal pregnancy beginning in June, 19.36. 
She was delivered of .a normal infant at term, and had a normal lactation 
period. But 10 days after her delivery, before leaving the hospital, there 
was noticed in the upper part of the greatly enlarged lactating breast, at 
the level of the biopsy scar, an induration about half the size of a hen s egg. 
This induration had not been present on the day of her deliver)'. This 


* Difficulties of transatlantic correspondence have prevented the author from 
correcting the proof of this article. It has also been impossible to secure from him 
illustrations or a completed list of references. 



soapier: pregnancy and mammary cancer 403 

mass, opaque to transillumination, made us fear a carcinoma of the breast. 
There was already in the axilla a small but hard and mobile lymph node. 
This, with the reservations necessary for the frequency of errors in clinical 
diagnosis in this field, appeared to have neoplastic characteristics in spite 
of the rapidity of its appearance. 

There was nothing abnormal in the supraclavicular region; radiologic 
examination of the thorax showed no change that could be interpreted as 
neoplastic. The laboratory reported nothing abnormal except a marked 
increase of the blood cholesterol. 

Our advice to the family was as follows: in view of the patient’s post- 
partum asthenia, to commence radiotherapy of the neoplastic region and 
of its proximal vascular zone, to be followed later by a surgical excision of 
the mammary and maxillary region. To our great regret, the patient 
refused radiotherapy because her mother-in-law had died following Roent- 
gen ray therapy. We therefore with the patient’s approval decided on 
surgical operation. This was carried out without incident, according to 
Halsted’s method, and the material referred to M. Peyron, of the Pasteur 
Institute, for pathologic study. Microscopically, the large mammary gland 
was covered at the level of the neoplasm by a thickened skin that looked 
like the skin of an orange. The gland was heavy and in a number of areas 
round nodules were palpable that suggested adenoma. On section, an 
epithelial tumor was found, hard, not circumscribed, and presenting a white 
gelatinous appearance. Histologic examination of a number of sections 
from different parts of the mass revealed a glandular carcinoma with large 
cells occurring in a loose connective tissue framework. The neoplastic 
cells were markedly pleomorphic, mostly large and either rounded or elon- 
gated with irregular outlines. The protoplasm was clear with an irregular, 
often fragmented nucleus and other signs of degeneration. The frequent 
mitoses were atypical, sometimes multipolar. The acini were atrophic, the 
ducts dilated and contained more or less necrotic debris. The lymph nodes 
were congested with capillar}'' dilatation. There was marked histiocytic 
reaction in the connective tissue. No neoplastic cells were found anywhere. 
The nodules scattered through the mammary gland proved microscopically 
to be cystadenomata without malignant degeneration. 

Case 2.— A woman, aged 40, had no relevant family history; had had 
lobar pneumonia at 25 years of age, a mammary abscess after her first 
pregnancy at 28 years, and suffered since youth from a chronic gastritis. 

At the age of 10 she had had an adenoma of the breast removed. Numerous 
microscopic examinations confirmed the benign adenomatous nature of 
this tumor. In addition, her general condition and the clinical aspect of 
the tumor gave no doubt as to its benignanev. 

At 35 the patient again became pregnant without postpartum complica- 
tions or aggravation of the tissues formerly operated upon. In January, 
1939, at the age of 40 and when SI months pregnant, the patient noticed in 
the mammary scar a nodule which had not been there before. This did not 
have the typical clinical appearance of an epithelioma of the breast, but 
10 days before delivery it rapidly increased in size. Thi~- induration 
became about the size of a hen’s egg and showed the clinical signs of an 
epithelioma. There was also a hard and slightly movable adenopathy in 
the axilla. The operation took place under good circumstances. The tis- 
sue, studied grossly and microscopically, showed epithelial masses. The 
cells were very pleomorphic, mostly cuboid and cylindrical. There w:s a 
complete change in the architecture of the orean. Gicantic and mitotic 
cells were particularly numerous, showing the malicnnnt nature of the 
tumor and explaining the invasion of the adjacent triune and the malicnant 
involvement of the axillary lymph nodes. 
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Comment.^ Ihese clinical and pathologic data in our 2 patients 
made it desirable to consider the biologic problem of the relation 
between pregnancy and the development of cancer. We shall not 
discuss all the opinions that have been given on this subject, but 
wish to emphasize in these 2 eases the brusque appearance during 
the preparatory stage of lactation, of epitheliomas in the old scars 
of adenomas; in other words, when physiologic factors were deter- 
mining changes in the mammary tissue of a pregnant woman. 

It is difficult to obtain a precise idea about the development of 
mammary cancer during pregnancy or after delivery. Certain 
authors maintain that pregnancy and the puerperium favor the 
development of mammary cancer, incriminating the follicular hyper- 
plasia incident thereto. Others, however, preach the contrary. 
The statistics of human pathology, and clinical and laboratory 
research in experimental cancer of animals, have not only not given 
conclusive results, but have even been contradictory. In human 
pathology, Lacassagne, who was able to produce a mammary can- 
cer in male mice by injections of folliculin, has shown that folliculin 
arrives in abundance in the human mammary gland while this 
organ is being congested with blood. The colostrum contains fol- 
liculin in considerable amount, at least equal to that found in the 
urine. It is therefore probable that the mammary congestion in 
the menstrual period is also accompanied by the passage of hor- 
mones into the mammary cells and mammary' ducts where it may 
accumulate. All this tends to establish that some women may 
retain folliculin either in the mammary* glands as a whole or in 
parts of them. As a result of the prolonged irritation of the epithe- 
lium of the ducts a hypersecretion is produced, then epithelial over- 
growth, and finally* a proliferation with infiltrating tendencies— 
carcinoma. Furthermore, Micale has shown that the puerperium 
favors the development of cancer and incriminates the hyper- 
folliculinism of pregnancy. The American authors, Goormaghtigh, 
Armerlink, and others who have published lengthy* studies on this 
subject, arrive at the same conclusion, namely* that in human 
pathology the hyperfolliculinism of pregnancy and the puerperium 
are carcinogenic factors. 

Among those who preach the contrary* views, let us cite Benti- 
voglio, who observed a case of leukemia that was improved after 
childbirth. Simonnet also does not believe in the production of 
cancer of the breast by hyperfolliculinism. This author however 
admits that folliculin can favor cellular development, but without 
tendency toward cancer. Thus in human pathology this problem 
1ms not given consistent results. 

Let us pass now to the domain of experimental cancer, lne 
principal authors who have studied the carcinogenic effect of preg- 
nancy and puerperium in laboratory* animals are Lacassagne, 
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zoate. With smaller doses only doubtful results were obtained. 
These tumors were produced in strains of mice in which the males 
did not produce spontaneous cancer. The frequency of the lesions 
appears to be a function of the greater or lesser sensibility of the 
strains of mice to folliculin (Lacassagne). After a certain age the 
heredity factor appears not to play any part. Lacassagne, Goor- 
maghtigh and Amerlink have given a detailed description of these 
lesions. 

The cutaneous application of folliculin can also provoke a mam- 
mary carcinoma in the male mouse (Burrows). Schockaert also 
attributes the stimulating effect of pregnancy and delivery on the 
development of mammary cancer to the hyperfolliculinemia of 
pregnancy and the puerperium. The structural and functional 
changes that occur in the mammary gland during the sexual cycle 
have an interesting repercussion on the problem of mammary cancer. 

It is especially Simonnet who combats these views' concerning the 
experimental production of cancer by folliculin. In his thesis 
entitled “ The Role of the Follicular Hormone in Normal and Patho- 
logical Physiology,” he writes “How shall we interpret the role of 
folliculin in the development of tumors?” Folliculin, he says, can 
stimulate cell development, but has no influence on the speed of 
mitoses. It provokes them but does not hasten them. It can also 
in exaggerating a physiologic process favor the action of a carcino- 
genic agent, but it does not appear to be a carcinogenic agent itself. 
Other observations made by Babes and Buclear on this subject, 
which offer from a biologic point of view some advantages that 
will not be insisted upon here, have not produced concordant results. 
While Babes alludes to an ovarian hyperplasia in the tarred rabbits 
caused by a multiplication of interstitial cells, Buclear opposes this 
interpretation and regards the ovarian hyperplasia as connected 
with the estrus period during which the ovaries were removed. 

American investigators who are in accord on the carcinogenic 
effect of folliculin have proposed castration or ovarian blockade 
by Roentgen ray of women who have carcinoma of the breast in 
order to prevent recurrences and metastases. Adair and Pack, 
who with many pathologists accept the role of milk stagnation in 
the production of mammary cancer in the family, have proposed 
the aspiration of the stagnant milk with an electric pump. Instead 
of this mechanical treatment, may one not look hopefully for a 
hormone antagonistic to folliculin, perhaps a galactogenic hormone 
which would permit an evacuation at will of the products cyclically 
accumulated in the mammary glands? We may mention also that 
the laboratory shows that hyperfolliculinism is almost constant in 
tumor patients: the blood of those who have malignant tumors 
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contains up to 9000 mouse units per liter, the urine up to 5000 
mouse units per liter. 

In the presence of such inconclusive and even controversial results, 
we may well ask what then was the factor other than follieulin, 
which made the malignant tumor appear in our 2 patients after 
delivery? 

Summary. Our two observations concerned the clinical history 
of 2 multipane each of whom previously had had an adenoma of 
the breast removed and developed a carcinoma in the scar during 
a subsequent pregnancy. It is obvious that in these 2 cases there 
was a close connection between the preparation for lactation and 
the development of cancer in the previously adenomatous breast. 
Without discussing the pros and cons of the question of the influence 
of pregnancy and the puerperium on the genesis of cancer, we wish 
to emphasize the sudden appearance of a carcinoma in an old scar 
of an adenoma at a time when a physiologic manifestation of the 
mammary tissue was in progress. We are in accord with those 
cancer investigators who think that the hyperfolliculinism of preg- 
nancy favors the development of mammary cancer. Should one 
attribute this to the prolonged irritation of the mammary epithelium 
by follieulin, or perhaps to the loss of equilibrium (neurovegetative, 
vascular, hormonal) that accompanies the change from the stable 
condition of the 9 months of pregnancy to the puerperal state, a 
change which is capable of provoking pathologic activity of a 
carcinogenic nature? 

We believe also that the amount of follieulin plays its role in the 
genesis of cancer. We know that Roentgen rays in sufficient doses 
may kill the cancer cell, but in smaller doses may provoke cancer 
(the cancer of the radiologists). Colchicine stimulates or inhibits 
mitosis according to the dosage.' The same variation might occur 
with follieulin. Xo doubt the therapeutic abuse of follieulin might 
in some cases favor the development of cancer. We may also hope 
for a hormonal antagonist to follieulin which would permit the 
evacuation or the destruction of harmful substances periodically 
emptied into the blood. 
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CONCENTRATED LIVER EXTRACT IN THE MAINTENANCE 
TREATMENT OF PERNICIOUS ANEMIA. 

Br Theodore S. Evans, M.D., 

ASSISTANT CLINICAL PROFESSOR OF MEDICINE, 

AND 

Robert H. Jordan, M.D., 

CLINICAL INSTRUCTOR IN MEDICINE, 

NEW HAVEN, CONN. 

(Fiom the Depaitment of Internal Medicine, Yale University School of Medicine.) 

During the last 2 or 3 years an effort lias been made by a com- 
mittee appointed for revision of the United States Pharmacopoeia to 
rate the efficacy of various manufactured substitutes for whole liver. 
A great deal has appeared in the literature concerning the use of 
unconcentrated liver extract in large doses and there seems to be 
no question that the various preparations given in 10-cc. doses are 
effective. A number of reports from foreign countries have been 
studied in this respect. Most of these are concerned with the use 
of extract given in 5-cc. doses. Writers from foreign areas apparently 
consider this a concentrated form of extract. The preparation most 
widely used by these workers is “Campolon.”* Thus Bell, 1 Hoff, 14 
Meulengracht, ISa ’ 6 Schittenhelm, 22 Schulter, 23 Wendt, 24 and others 11 ’ 13 
have reported on the results obtained from doses of 5 cc. or more. 
In 1938 Murphy and Howard 20 reviewed 31 cases which they had 
treated with 1-cc. doses of Lederle’s Concentrated Liver Extract. 
Their tables on their own results and on those of others are available 
for study. With the exception of Murphy and Howard’s 20 and 
Hartfall’s 12 series, no reports of cases treated with doses of less than 
3 cc. are quoted by them. 

This contribution deals mainly with maintenance of the patient 
with pernicious anemia in a state of well-being and good health 
particularly under treatment with “ Reticulogen. ”f The clinical 
material used in the analysis is derived mainly from the hema- 
tology clinic of the New Haven Dispensary where we have treated 
31 cases of proven pernicious anemia with Reticulogen. In addi- 
tion, we have incorporated the results of 9 private cases. No 
attempt to select favorable cases has been made. All new cases 
coming to the dispensary during the past 3 years have been sub- 
jected to Reticulogen therapy unless there was some special reason 
for use of another preparation. In addition, a certain number of 
cases which had been treated by other means were transferred to 
Reticulogen. Some persons have been kept on other forms of 
therapy to serve as controls. As controls we have also individuals 

* -V Liver Extract, product of Winthrop and Company. 

t Extremely Concentrated Liver Extinct, product of Lilly and Company. 
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who were formerly on oral liver or less concentrated extracts* 
and who are now maintained on Retieulogen. 

A considerable portion of the liver extract used in this study was 
contributed by the makers (Eli Lilly & Co.) and the patient was 
thereby relieved of approximately one-half of the expense of treat- 
ment over a 2-year trial period. In the tables “ cost ” is computed to 
include this item rat ordinary hospital prices so that it refers to the 
amount which the patient would have had to pay under ordinary 
circumstances. What this group of patients actually paid is approxi- 
mately one-half of this amount. 


Table 1.— 

-Results of 

12 Cases Treated With Oral Liver 

Extracts. 

Case.t 

Ace. Treatment Interval 

Preparation 

Aver. 

R.B.C. 

(millions 

Aver. 

lib., 

Cost 

per 

Namc. 

Sex. 

(wks.). 

(whs.). 

liver ext. 

per c.min.). 

%. 

week. 

1. M. B. 

5S F 

208 

Daily 

Lextron 

2 7 

75 

S3 

2. E. B. 

53 M 

ISO 

Daily 

Squibb's 

5 0 

97 

$2 

3. I. B. 

4. 

GO F 

104 

Daily 

Lilly’s 

4.5 

99 

S3 

5. 

0. 

7. B. F. 

48 F 

72 

Daily 

Squibb’s 

3.0 

7S 

S3 

8. 

!). 

10. H. II. 

55 F 

150 

Daily 

Bquibb’s 

3 9 

SO 

SI 

11. R. II. 

48 F 

130 

Daily 

Squibb’s 

3.0 

SI 

•S4 

12. 

13. 

14. D. McK. 

43 F 

300 

Daily 

Raw liver 

4 5 

S7 

? 

15. 

10. 

17. 

IS. 

19. 

20. F. N. 

21. 

22. 

23. G. P. 

05 F 

101 

Daily 

Fquibb's 

4 0 

87 

St 

49 F 

170 

Daily 

Squibb V 

3 9 

SO 

S! 

24. 11. P. 

or. 

07 F 

00 

Daily 

Hquibb’s 

o 7 

SO 

SI 

fc-O# 

20. 

27. L. M. S. 

05 F 

130 

Daily 

HquibbV 

•i 0 

81 

SI 

28. M. S. 

40 F 

130 

Daily 

Squibb’s 


78 

SI 

Patients 

who had 

either 

chronic 

complicating disea 

se or 

acute 


episodes were not excluded from this report and, in some instances, 
this fact accounts for results which are not completely satisfactory. 

Two patients have been treated for only 2 years; the rest have 
all been treated for M or more years. 

Results. The standards which we have applied as the measure 
of the success of treatment include: Red Blood ('ell Counts: Hemo- 
globin Percentage: Improvement in Patients’ General Symptoms; 
Return to or Continuance in Occupation; Neurologic Symptoms and 

* Some of the lo>< ronrentiated liver evttaets- are: Abbott’.- I.iwr K -.tract, 
Campolon. Lilly V Concentrated I.iver Extract. 

t Ca>e numbers, w inch are not continwou> here, refer to the ca--- in T.i!-> 3. 
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Signs; Ability to Combat Chronic Associated Disease; and Ability 
to Withstand Acute Intercurrent Infections. 

Bed Blood Cell Counts and Hemoglobin Percentage. Our results 
are not as spectacular in the maintenance of these levels as are those 
of Murphy and Howard, but they do compare favorably with the 
reports of others, 1 w £th patients under the care of 
Reznikoffy 5 at New York Hospital and with counts of the man or 
woman in average health in New Haven. In this regard it must be 
remembered that we have not selected our cases and that our 
patients are drawn for the most part from the poorer strata of 
society. 

Table 2. — Results of 12 Cases Treated With Lilly's Concentrated Liver 

Extract. 


Aver. 

R.B.C. 





Treat- 

Inter- 

Units (millions 

Aver. 


Cost 

Case.* 

Age. 

mens 

val 

per 

per 

Hb., 

Neurol. 

per 

Name. 

1 . 

2. E. B. 

Sex. 

(uks.). 

(>\ks.). 

dose. 

c.mm.). 

%• 

findings. 

week. 

61 

M 

75 

2 

20 

4 5 

90 

Sub. imp. 

S 25 

3. I. B. 

4. 

61 

F 

52 

2 

20 

4 S 

94 


S 25 

5. D. F. 

41 

F 

30 

2 

20 

4 0 

SS 

Sub. imp. 

S 25 

6. K E. 

6S 

F 

104 

2 

20 

4 0 

88 


S 25 

7. B. F. 

49 

F 

GS 

2 

20 

4 0 

SS 


S 25 

S. P. G. 

9. 

10. 

5S 

M 

100 

o 

20 

4 S 

96 

Sub. imp. 

S 25 

11. R. H. 

46 

F 

130 

2 

20 

4 7 

94 


S 25 

12. B. K. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

40 

F 

150 

2 

20 

4 0 

SS 


S 25 

20. F. N. 

21. 

22. 

02 

F 

ISO 

2 

20 

4.6 

85 


S 25 

23. G. P. 

24. 

25. 

26. 

50 

F 

104 

2 

20 

4 3 

S6 

Sub. imp. 

S 25 

27. 

2S. M. S. 

47 

F 

104 

2 

20 

4 2 

S4 


S 25 

29. M.Wa. 

30. 

70 

F 

04 

2 

20 

4 5 

97 


? 25 


* Case numbers, which are not continuous here, refer to the cases in Tabic 3. 


General Symptoms. Nearly all the patients have noted either 
maintenance of previous good health or actual improvement in sense 
of well-being. Most of our patients have either continued to work 
at gainful occupations or have been restored to usefulness. Six 
were not able to work at the onset of therapy and are still unable to 
do verv much. Eight were unable to work when Reticulogen was 
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started but are now returned to full function. Nearly every patient 
has gained weight and strength. 

Neurologic Symptoms and Signs. Under subjective improvement 
we include such symptoms as relief from numbness and tingling, 
improved sense of well being, increased capacity for work and 
increased certainty in walking. 

During the years when oral whole liver or liver extract were used, 
notes on the neurologic findings were few and so we have not tabu- 
lated them in this study. When the period of parenteral therapy 
was reached notations as to neurologic state became more frequent 
but were not made in many cases. Of the 12 cases treated by 5-cc. 
doses of Lilly’s Concentrated liver extract 4 were noted to have had 
improvement in symptoms. The other 8. patients were at least 
maintained in statu quo and may have actually improved sub- 
jectively although the notes are not full enough to say positively. 
During the years of treatment with Reticulogen particular attention 
was paid to subjective and objective improvement in the neurologic- 
state. Thirty-two of the cases have given evidence of symptomatic- 
improvement; S have shown no improvement, but of these 4 (Cases 
(), 15, 23 and 30) complained of no neurologic symptoms at the 
onset of treatment and are therefore considered to have been pro- 
tected from their development during treatment. Four cases have 
shown no improvement or have actually become worse. Case 19 
was very irregular in attendance at the clinic. Case 31 was compli- 
cated by epilepsy with frequent and severe convulsions. Case 24 
was a very frail woman with chronic (quiescent) tuberculosis who 
passed through an attack of Type III pneumonia before the treat- 
ment with sulfathiazole was known and recovered to her previous 
health level and who later weathered one gall bladder operation but 
succumbed to a second one for adhesions. 

Evidence of objective improvement has been found in numerous 
instances and has been substantiated by the kind cooperation of 
the neurologic division of the dispensary. 

Gait. Twenty-one patients have shown improvement in gait 
which has been very marked in certain instances. Thus Cases IS 
and 38 were completely bedridden at the onset of treatment and 
were restored to complete function and maintained with full ability 
to walk. 

1 ibratory Sense. Eleven of our patients have retained the normal 
response to vibratory stimuli; 21 have actually regained some por- 
tion of it, where it was absent when therapy was commenced. 

Reflexes. Thirteen patients with relatively normal reflexes have 
been maintained in that state during treatment; in 17. improvement 
has been noted in this particular respect in those cases where reflexes 
were absent at onset of therapy. 

Sphincter Control. During Reticulogen therapy 3 of our patients 
have regained a considerable amount of urinary sphincter control. 
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Menial Symptoms. In many instances memory has improved 
remarkably. Most of the persons under treatment have shown 
release from an unfriendly and suspicious attitude toward physicians 
and nurses. Patients who were uncooperative at the start have 
become very helpful and trusting. Practically all who have had 
treatment for 6 months or more have no desire to stop because they 
appreciate so well the value they have received from it. 

Complication by Chronic Disease. Sixteen patients have arterio- 
sclerosis sufficiently advanced to be evident clinically. Four have 
arteriosclerotic heart disease. One has lived through two cerebral 
hemorrhages. Three have chronic gall bladder disease and have 
survived several acute attacks. One has developed signs of cirrhosis 
of the liver and has suffered a fracture of the surgical neck of the 
femur. Two have myxedema and 2 have thyrotoxicosis (1 of 
these had a thyroidectomy during the course of our therapy). Two 
have quiescent tuberculosis and 1 has developed acute exacerba- 
tions of tuberculosis without disturbing very much the blood 
picture. One has frequent and severe seizures of epilepsy and is 
being treated with dilantin. Three have syphilis— are under the 
usual forms of therapy, and 3 have chronic infectious arthritis. 

Complications by Acute Disease. Nearly all have had mild upper 
respiratory disease on 1 or more occasions. Fifteen have had severe 
respiratory disease usually diagnosed as “grippe” or “influenza.” 
Three have survived pneumonia. One has been successfully carried 
through 2 pregnancies. One had no major change in her blood status 
when thyroidectomy was performed. 

It has seemed to us that these individuals, in spite of their per- 
nicious anemia, have carried on about as well under these vicissitudes 
as does the average man under the same circumstances. 


Footnote for Table 3. 

Of these 40 cases, 12 had previously been treated for long periods with oral liver 
preparations (Table 1), and 12 with Lilly’s Liver Extract (Table 2). 

“Interval (weeks)” = number of weeks between treatments. 

"Aver. R.B.C.” and “Aver. Hg." — average level of maintenance of these factor s. 

“Hemat.” = hematocrit reading: “M.C.V.” = mean corpuscular volume; 
“M.C.H.” = mean corpuscular hemoglobin; "M.C.H.C.” = mean corpuscular 
hemoglobin %. These factors were determined at various times during the course 
of the disease, the high levels of M.C.V. being in (hose instances where the tests 
were done at or near the beginning of treatment (Cases 1, 8, 2S). The rest were 
completed after maintenance was considered to have been attained. 

“Sub. imp.” — subjective improvement. 

"Gait, First and Last” refers to state at first and last examination of patient. 
“Imp.” stands for improvement. 

“Vibratory sense” and "Reflexes” also contain two lists under the headings oi 
*' First and Last.” In these columns “Abs.” refers to absence of the reflexes or vibra- 
tory sense; " Dim.” to diminished and “Imp." to improved. 

“ Nor." refers to cases where the signs were not present at onset and did not develop 
during treatment. 

The same terms and meanings are used in other tables. 

* Private cases. 




Table 3.— Results of 40 Cases Treated with Reticulogen. 
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with Lilly's Concentrated Liver Extract. 
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Discussion. If other workers agree with our findings and those of 
Murphy and Howard, 20 that very concentrated forms of liver 
extract are efficacious, the benefits derived by patient and physician 
should prove to be considerable. First, the patient is spared a very 
considerable amount of discomfort, 5-cc. doses being more uncom- 
fortable than the 1-cc. dose. Second, the expense of Reticulogen is 
not notably larger than that of Lilly’s Concentrated Liver Extract 
and both these preparations compare favorably in price with any 
of the others.* Third, with the more intelligent patients and par- 
ticularly those in private practice, a large saving is effected by the 
fact that some member of the family can be taught to give 1-cc. 
doses, thus saving the expense involved in house or office visits. 
Under these conditions it has been found to be practical and safe 
to see the patient once in 2 or 3 months for physical examination and 
blood count. Fourth, there is considerable saving to the physician 
and the dispensary because the smaller syringes and needles are less 
expensive than the larger ones used for the larger doses. Fifth, there 
is a large saving in time in the clinic patients since they are not 
required to undress for injections of the concentrated extracts— 
they can be made in the deltoid region instead of in the buttock. 

A fairly comprehensive review of the literature in English, French, 
German and Italian leads us to suspect that the use of very cor- 
■centrated (1-cc. dose) extracts is still not widespread. This seems 
to be due to the fear that the concentrated form lacks some sub- 
stance which is contained in the less concentrated extracts. This 
hypothetical substance has been said to exert a beneficial, or at 
least a protective effect particularly on the neural lesions. It is not 
our experience that this medication (Reticulogen) is lacking in this 
protective factor, since nearly all of our patients have received as 
much benefit as could be expected from any extract. In those 
instances where more than one extract have been used the results 
have been as good in this respect with the very concentrated medi- 
cation as with the more dilute types. 

Summary. 1 . Forty cases of pernicious anemia have been treated 
with a very concentrated form of liver extract— “Reticulogen.” 

2. Thirty-five have been followed for periods of from 2 to 4 years. 

3. Control cases who have been kept on a less concentrated form 
of extract have been followed over the same period. 

4. Further control is offered by the fact that 12 of these 40 cases 
had been previously treated with oral preparations and 12 had been 
treated with a less concentrated form of intramuscular liver extract. 

5. Red blood cell and hemoglobin levels have been maintained at 
satisfactory figures. 

6. Neural symptoms and signs have been controlled or actually 
improved in a vast majority of cases. 

7. Patients have been able to continue work in most instances, 

* Exact information as to cost of these medications is furnished in tables. 
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and in others, incapacitated persons have been returned to their 
occupations. 

8. Evidence is submitted that patients under this form of therapy 
are able to combat successfully many types of acute and chronic 
disease almost as effectively as the average population. 

9. The cost of this preparation is not prohibitive, and certain 
savings can be made because it is more easily administered than the 
less concentrated preparations. 

Our thanks are offered to the technical staff of the hematology laboratory for their 
cooperation. 
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■ In both civil and military medical practice, transfusions are being 
made to an increasing extent with refrigerated whole blood and with 
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held at Atlantic City, May 6, 1941. 
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blood serum or plasma which has been stored in the liquid or desic- 
cated state. Since, tinder conditions of emergency, it may not 
always be possible carefully to select blood donors with respect to 
their freedom from syphilis, experiments were designed to determine 
the probable limits of safety, as regards the transmission of syphilis, 
in the use of such material for transfusion. 

In a previous paper, 12 experiments dealing with the duration of 
infectivity of Treponema pallidum in citrated whole blood stored 
under conditions obtaining in blood banks were reported. In those 
experiments, an emulsion of virulent T. pallidum was added to 
either human or rabbit blood, and the blood stored at 2 to 4° C. 
Rabbits were inoculated with portions of the mixture before and 
at various intervals after refrigeration. Animals inoculated imme- 
diately and after 12 hours’ refrigeration of the mixture, developed 
typical syphilitic lesions. In rabbits inoculated at 24 and 48 hours, 
the incubation period of the disease was prolonged, and some ani- 
mals escaped infection. Animals inoculated at 72 hours and later 
were not infected. In a somewhat similar experiment, Bloch 2 
obtained an infection at 72 hours but not later. From those experi- 
ments the conclusions were drawn that under conditions obtaining 
in blood banks, T. pallidum undergoes progressive deterioration 
during the storage period; that there is a corresponding reduction 
in the risk of transmitting syphilis by transfusion; and that it is 
probable that blood stored for 4 days or longer, even though taken 
from a syphilitic donor, can no longer transmit this disease. 

The present paper is concerned with the infectivity of T. pallidum 
and T. pertenue in blood serum after freezing and desiccation. In 
brief, the experiments indicate that these organisms do not survive 
the drying process. 

Preliminary Observations. Several years ago, the senior author 
noted that while T. pallidum would survive for long periods when 
stored in the frozen state at approximately —76° C., it commonly 
was promptly killed when desiccated from the frozen state. 11 In 
those studies, emulsions rich in treponemes were prepared from 
syphilitic lesions of the rabbit’s testis. The emulsions were frozen 
rapidly in a solid carbon dioxide-alcohol mixture, and then desic- 
cated according to the technique recommended by Swift 10 and modi- 
fied by Sawyer, Lloyd, and Kitchen, 8 in which drying is carried out 
in a glass desiccator in vacuo in the presence of concentrated sul- 
phuric acid. 

More than 30 specimens from as many different sources were exam- 
ined by dark-field after rehydration. In every instance, the spiro- 
chetes were badly distorted, apparently reduced in number, and none 
was motile. The infectivity for rabbits of 10 specimens was tested 
both before and after freezing and desiccation. The animals inocu- 
lated with the fresh material developed typical syphilitic lesions within 
the usual incubation period of the experimental disease. Nine of 
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the 10 specimens inoculated at various intervals after freezing and 
drying produced no lesions in the inoculated rabbits. One specimen 
tested 24 hours after the beginning of desiccation proved to be infec- 
tive for 2 rabbits, although the incubation period of the experimental 
disease in these animals was much prolonged. Since that was the 
only instance, in both these and subsequent experiments, in which 
survival of treponemes was noted, this exceptional result is attrib- 
uted to incomplete dehydration of the specimen within the 24-hour 
drying period. One other specimen tested after 24 hours’ desicca- 
tion was non-infective for rabbits. 

Recent Experiments. The preliminary experiments cited above 
were made for the purpose of finding a method of preserving the 
virulence of spirochetes in vitro. "When it was obvious that freezing 
and drying did not provide a practical method for accomplishing 
this end, additional evidence regarding the non-infectivity of the 
material was not sought. The present experiments were carried 
out more meticulously, in a manner calculated to give the spirochete 
the best chance of survival. 


Experimental Methods. The experiments were made at two different 
times, in the spring and in the fall of 1940. Except for minor variations, 
the procedure was the same for each experiment. Normal adult male 
rabbits were inoculated in each testis with the Nichols strain of T. pallidum. 
Wien a syphilitic orchitis was full}' developed, the testes were removed and 
used in the preparation of the test material.* The day on which the desic- 
cation was to be begun, each source animal was bled about 60 cc. from the 
heart. The blood was defibrinated, centrifuged, and the serum used 
for preparation of the mixture. The excised testes of each rabbit were 
emulsified in a mortar with sand with an amount of serum from the same 
animal equal to the weight of the two testes. This mixture was centrifuged 
lightly in order to throw down the gross tissue particles, and the super- 
natant fluid was used as the test material. This was always rich in actively 
motile T. pallidum. About 1 cc. of the supernatant was set aside for sub- 
sequent inoculation, and the remainder carried through the freezing and 


drying process. 

Desiccation of the serum-spirochete mixture was carried out under the 
direction of one of us (J. H. B.) by the method described by Bauer and 
Pickels. 1 Approximately 5 to 6 cc. amounts were distributed into 50 cc. 
cylindrical rials with long narrow necks. The rials were then placed on 
their sides in a bath containing carbon dioxide ice and alcohol, and spun 
on their long axis in such a manner that the fluid inside froze in a thin Hyer 
on the sides of the rial. While the rials were still at the temperature of 
the solid carbon dioxide-alcohol bath, they were attached to a high vacuum 
line and lowered into a cabinet, the temperature of which was maintained 
at -18° C. Water was removed from the material rapidly, so that it 
appeared to be dry within a few moments. The tubes remained attached 
to the vacuum line for 60 hours, during which time the moisture in Jlic 
vacuum system was removed by means of a special chamber held at — 70 C. 
The cold trap was then removed, and drying continued in vacuo for 24 hours 
longer by introducing into the system a receptacle containing phosphorus 

* The preparation of the test emulsion, the freezing and drying procedures, and 
the inoculation of the control animals were carried out in New York. other 
of the experiments, including the long-term observation of animals, were earned ou( 


in Baltimore. 
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pentoxide. The pressure in the apparatus fell rapidly to 5 to 10 microns 
of mercury at the beginning of desiccation, and eventually reached a pres- 
sure of 0.5 micron of mercury. These procedures are believed to promote 
a high degree of dehydration. After drying was completed, nitrogen dried 
with calcium sulphide was allowed to flow into the vials, and the necks of 
the vials were sealed off with a flame. Subsequently, except for about 
4 hours during which the vials were in transit, they were kept at refriger- 
ator temperature until used. In the first experiment, the material was 
dried with the cold trap for 24 hours, and for 24 hours with phosphorus 
pentoxide. 

Table 1. — Infectivity of T. pallidum in Rabbit Blood Serum Before and 
3 Days After Desiccation. 


Soureeof 
material : 

Results of inoculation of fresh material 
intratesticularly and intracutaneously. 

Results of inoculation of desiccated material 
intratesticularly, intracutaneously and intra- 
peritoneally. 

Kabbit 

No. 

Rabbit 

No. 

Total 
amount of 
inoculum, 
cc. 

. 

Results. 

' 

Incubation 
period 
in days. 

Rabbit 

No. 

Total 
amount of 
inoculum, 
cc. 

Results. 

Results of 
lymph 
node 
transfer. 

9-79 

fl 

0.4 

Pos. 

1 

13 

i 

13 

3.0 

Neg. 

Neg. 

14 

3 0 

it 

it 

9-81 

2 

0.4 

U 

41 ! 

! 

15 

2.5 

it 

a 


16 

2.5 

ti 

a 

10-01 

Q 

0.4 

it 

13 

17 

4.0 

« * 




18 • 

1 

4.0 

it 

Neg. 


* Died in 23 days. 

After the vials containing the test material had been frozen and attached 
to the drying apparatus, a control animal was inoculated with portions of 
each specimen which had not been frozen and dried. In the first experiment, 
each control animal was inoculated in the right testis with 0.2 cc. of fresh 
material, and intracutaneously on the back with 0.1 cc. at each of two sites. 
In the second experiment, control animals were inoculated in the testis 
with only 0.1 cc. intracutaneously at only one site. Dark-field examinations 
of the fresh material after the inoculations were completed showed numer- 
ous actively motile treponemes in each specimen. 

The infectivity of the dried specimens was tested in the first experiment 
3 days after desiccation was started and 5 days after, in the second experi- 
ment. The dried material was rehydrated to its original volume by the 
addition of sterile distilled water. Each specimen was then examined care- 
fully under the dark-field microscope. The entire amount of material from 
one source animal was divided into two equal portions, and each inoculated 
into one test animal. In the first experiment, 0.5 cc. was inoculated into 
one testis, 0.2 cc. intracutaneously at two sites on the back, and the remain- 
der injected intraperitoneally. In the second experiment, the same proce- 
dure was followed except 0.2 cc. was inoculated at each of 12 sites on the 
back. 

The test animals were examined at least twice weekly for testicular, skin, 
bone, and eye lesions for a period of 90 days. At the end of this period, the 
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popliteal nodes from each pair of animals were removed, pooled, and 
injected into one testis of each of two normal rabbits which, in turn, were 
observed in a similar manner for 90 days. Three rabbits inoculated with 
desiccated material died before the end of the 90-day observation period, 
at 23, 21, and 75 days, respectively. All were without lesions suggestive 
of syphilis. The popliteal nodes of the latter two were transferred, within 
a few hours after death, to normal rabbits which likewise remained negative. 

The experiments with T. pertenue were carried out in an identical manner 
to those just described. A strain of yaws spirochetes (strain YC) isolated 
by the senior author in Jamaica was used throughout. 


Table 2. — Infectivitv of T. pallidum in Rabbit Blood Serum Before and 
5 Days After Desiccation. 


Source of 
material: 

Results of inoculation of fresh material 
j intratesticularly and intracutaneously. 

Results of inoculation of desiccated material 
intratesticularly, intracutaneously «nd intra* 
peritoneally. 

Rabbit 

No. 

Rabbit 

No. 

Total 
amount of 
inoculum, 
cc. 

Results. 

Incubation 
period 
in days. 

Rabbit 

No. 

Total 
amount of 
inoculum, 
cc. 

Results. 

Results of 
lymph 
node 
transfer. 

10-31 


0.2 

Pos. 

14 

19 

13.0 

Neg 

Neg. 


20 

13.0 

ti 

ft 




it 


21 

12 0 

“* 

it 





22 

12 0 

it 

u 




a 

H 

23 

■ | 

“t 

a 




■ 

24 

7.5 

1C 

u 

10-51 

■ 

0.2 

i 

a 

13 

25 

6.0 

It 

a 

26 

6.0 

it 

u 

10-53 

s 

0.2 

t< 


27 

mm 

It 

a 


2S 

Wm 

it 

n 

10-55 

9 

0.2 



29 

10.0 

ti 

it 


14 

30 

10.0 

if 

u 


* Died in 21 days. t Died in 75 days. 

Results. T. pallidum. The protocols of these experiments are 
shown in Tables 1 and 2. In each instance animals inoculated with 
fresh material which had not been desiccated developed typical 
syphilitic lesions of the testis and skin within the usual incubation 
period of the disease. T. pallidum was demonstrated in the lesions 
of each animal. In most of the rabbits, the incubation period was 
unusually short, indicating that the test material was highly potent. 

No animal inoculated with desiccated material developed anj 
evidence of syphilitic infection despite the fact that each was 
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injected with from 6 to 65 times the dose given the control ■animals. 
That symptomless infection did not occur is indicated by the fact 
that the lymph nodes of the inoculated animals were not infectious 
for normal rabbits. Two rabbits (Nos. 24 and 25) developed small 
erythematous lesions at the sites of intracutaneous inoculation. 
Careful study of these by dark-field examination and by transfer 
of the lesions to normal rabbits failed to reveal T. pallidum. Since 
the testis of these animals remained negative, and subsequent lymph 
node transfer was negative, the lesions were regarded as non- 
syphilitic in origin. 

Dark-field microscopic examination of the rehydrated material 
showed that many of the treponemes were badly distorted, being 
shriveled in appearance with the spirals quite irregular, in contrast 
to- the regular configuration of fresh T. pallidum. It is of interest, 
however, that in each specimen there were some fairly normal- 
looking treponemes, and in several specimens approximately one- 
third of the spirochetes appeared not to have been appreciably 
altered in their morphologic characteristics. None was motile. 
There seemed to be some decrease in the number of treponemes in 
each rehydrated specimen as compared with the same specimen 
before desiccation. Since no actual counts were made, this point 
cannot be definitely established. Perhaps some organisms were 
distorted or fragmented beyond recognition. 


Table 3.— Tnfectivity of T. perlenve in Rabbit Blood Serum Before and 

After Desiccation. 


Source of 
material: 

Results of inoculation of fresh material 
intratesticularly and intracutancously. 

Results of inoculation of desiccated material intra- 
tcsticularly, intracutaneously and intraperitoneally. 

Babbit 

No. 

Rabbit 

No. 

Total 
amount of 
inoculum, 
cc. 

Results. 

Incuba- 
tion 
period 
in days. 

1 

Days 

after 

desicca- 

tion 

started. 

: 

Rabbit 

No. 

Total 
amount of 
inoculum, 
cc. 

Results. 

Results of 
lymph 
node 
transfer. 

9-47 

10 

0.4 

Pos. 

n 

3 

31 

3 5 

Neg. 

Neg. 

3 

32 

3 5 

if 

U 

10-30 

11 

0.2 

it 

29 

5 

33 

5 0 

if 

a 


5 

a 

5.0 

a 

a 

10-37 

12 

0.2 


35 

5 

35 

5 5 

a 

a 

■ 

5 

36 

5.5 

a 

a 


T . pertenue. Only a few observations on the effect of desiccation 
on T. pertenue were made, but the results are similar to those 
obtained with T. pallidum (Table 3). As is usually the case, the 
incubation period of the experimental disease in rabbits tended to 
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be longer than that observed in experimental syphilis. The lesions 
produced in the testis by the fresh material were typical of yaws 
and were dark-field positive for treponemes. No animal inoculated 
with rehydrated material developed any lesion suggestive of yaws, 
and the popliteal lymph nodes of the test animals, transferred after 
90 days, failed to produce lesions in normal rabbits. As shown by 
dark-field microscopic examination, many of the treponemes in the 
rehydrated material were distorted, and none was motile. Some 
spirochetes were normal in appearance. 

Discussion. Methods for the desiccation of biologic products, 
described many .years ago by Martin 7 and by Shackel, 9 have under- 
gone successive improvements at the hands of a number of work- 
ers. 2-6 ' 8 The method of desiccation employed in these studies is 
such that many species of bacteria and filtrable viruses can be dried 
with only slight, if any, loss of titre. There was, nevertheless, 
no evidence that the spirochetes of syphilis or of yaws survived this 
process. The test material was rich in treponemes, and its infec- 
tivity for rabbits was high before desiccation. The spirochetes 
were suspended in the tissue juices and serum of the animal from 
which the treponemes were derived, and desiccation was begun 
within a short time after the source material had been removed 
from the animal. Three to 5 days after the beginning of desicca- 
tion, large quantities of this rehydrated spirochete-containing mate- 
rial were injected into normal rabbits with completely negative 
results. 

There is no evidence to suggest that T. pallidum or T. perienve 
in the human host differs materially, from the standpoint of their 
resistance or susceptibility to desiccation, from the strains employed 
in these experiments. It seems fair to assume, therefore, that 
T. ■pallidum and T. perienve occurring naturally in human serum or 
plasma would likewise be killed by desiccation, and that such 
material would be free from the risk of transmitting syphilis, even 
though the donor was in an active stage of the disease. To be 
sure, it would not be desirable knowingly to use blood from such 
persons, but even when great care is exercised in eliminating syph- 
ilitic donors, this cannot always be done with certainty. Moreover, 
in time of emergency or under stress of active warfare, it may not 
be possible carefully to select donors with respect to the presence 
or absence of syphilis or yaws. In the use of desiccated blood serum, 
the risk of transmitting syphilis or yaws is probably negligible. 

Summary. 1. In experiments made several years ago, testicular 
emulsions rich in T. pallidum were frozen and desiccated. Upon 
rehydration, most of the spirochetes were distorted and 9 of 30 
specimens tested failed to produce lesions when inoculated into 
normal rabbits. One specimen tested 24 hours after drying was 
begun produced lesions after a long incubation period. This result 
is attributed to incomplete dehydration of the specimen. 
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2. In recent experiments, the infectivity of virulent T. pallidum 
suspended in rabbit serum was tested before and 3 to 5 days after 
desiccation. Material from each of 9 specimens produced lesions 
in rabbits before desiccation. Three to 5 days after freezing and 
drying in an efficient desiccating apparatus, rabbits were inoculated 
with from 6 to 65 times the amount used for the control animals. 
None of 18 rabbits inoculated with desiccated material developed a 
syphilitic lesion, and their lymph nodes were not infectious for 
normal rabbits. 

3. Of 6 rabbits similarly inoculated with desiccated T. pertemte 
from 3 different sources, none developed lesions, and their lymph 
nodes were not infectious for normal rabbits. 

Conclusions. T. pallidum and probably T. pertenue are com- 
monly killed by the process of freezing and desiccation, even when 
the method is such that the viability of many other bacteria and 
viruses is retained. Transfusion of desiccated blood serum or 
plasma is, therefore, probably without risk as regards the trans- 
mission of syphilis or yaws, even though the material be obtained 
from an infected donor. 
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AN AUTOPSY SURVEY OF GASTRO-DUODENAL ULCERS IN THE 
PHILADELPHIA GENERAL HOSPITAL 1920-1937.* 

By J. S. Gordon, Jr., M.D., 

INTERN, UNIVERSITY OF CHICAGO CLINICS, CHICAGO, ILL., 

AND 

J. J. Manning, M.D., 

INTERN, MILWAUKEE COUNTY HOSPITAL, WAUWATOSA, WIS. 

(From the Department of Pathology, School of Medicine, University of Pennsylvania, 
and the Laboratories of the Philadelphia General Hospital, Philadelphia.) 

In past years there has been much discussion in the literature 
of the incidence of peptic ulcer. Over a long period, many studies 
have been made, without conclusive results. The lack of agree- 
ment as to the incidence of peptic ulcer is largely due to two impor- 
tant factors: 1, the geographic factor (Table 1), and 2, the lack of 

* Presented at the Thirty-third Annual Meeting of the Undergraduate Medical 
Association, University of Pennsylvania, April 24, 1941, 
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uniformity of method used in conducting such surveys. As a result 
we have encountered considerable variation in the reported figures 
for the total incidence of peptic ulcers as found in autopsy material. 
In Table 1 it may be seen that, with the exception of Grunfeld’s 
exceedingly high percentage and Lebert’s low figures based on only 
200 autopsies, the reported incidence ranges from about 1% to 
5%. In Bassler’s 1 study of 59,450 autopsies, the largest series of 
autopsies cited in the literature, the incidence was 4.4%. One of 


Table 1. — The Incidence op Peptic Ulcers. 


Author. 

Year. 

Place of 
observation. 

No. of 
cases. 

% Of 

ulcers. 

1. Brinton 3 

. 1859 

London 


5 00 

2. Leube 3 

. 1S71 

Germany 

13,605 

4 SO 

3. Ziemssen 10 

. 1S71 

Leipzig 


4.55 

4. Lebert 7 

. 1STG 

Germany 

200 

0 50 

5. Grunfeld 6 

. 1SS2 

Europe 


20 00 

6. Berthold 2 

. 1883 

Germany 


2 70 

7. Welch 15 

. 1S94 

United States 

32,052 

5 00 

S. Nolle 11 

1900 

Germany 


1 23 

9. Fenwick 5 

. 1900 

United States 

47,912 

4.20 

10. Dreschfeld 4 

. 1907 

Baltimore, Md. 

1,000 

0 90 

11. Stahl 13 

. 1907 

Germany 


2 16 

12. Lockwood 7 

. 1913 

United States 

19,315 

1.23 

13. Bassler 1 

. 1926 

United States 

59,450 

4 40 

14. Sturtevant and Shapiio 14 . 

1926 

New York City 

7,700 

2 13 

15. Muller 10 

. 1934 

United States 


2 11 

16. Poitis and Jaffc 12 

1937 

Chicago 

9,171 

4 90 

17. Gordon and Manning . 

1941 

Philadelphia 

22,956 

2 75 


Average (excluding Grunf eld’s data) 3.10 


Table 2. — Distribution of the Four Main Groups According to Age and Sex. 


Acute gastric. 
Male. Female. 


Age. 

No. 


No. 

/c- 

0-10 

1 

1.2 

0 

0 

10-20 

1 

1 2 

0 

0 

20-30 

0 

0 

2 

5 4 

30-10 

7 

8 3 

2 

5 4 

40-50 

22 

26 0 

4 

10 4 

50-60 

21 

24 5 

5 

13 5 

60-70 

16 

IS 7 

9 

24 4 

70-80 

13 

15 2 

12 

32 5 

80-90 

4 

4 7 

2 

5 4 

Over 90 

0 

0 

1 

2 7 

Totals- r 

S3 


37 



o-io - 

0 

0 

0 

0 

10-20 

0 

0 

1 

3 6 

20-30 

o 

4.2 

4 

12 9 

30-10 

10 

20 S 

2 i 

t 64 

40-50 

16 

33.3 

6 

19 4 

50-60 

. 12 

25 0 

6 

19 4 

60-70 

4 

S 3 

4 

12.9 

70-S0 

4 

8 3 

5 

16 1 

SO-90 

0 

0 

3 

10.3 

Over 90 

0 

0 

0 

0 


— 


— • 


Totals 

4S 


31 



While Patients. 
Chronic gastric. Acute 

Male. Female. Mate. 


No. 

tr' 

/ o • 

No. 

c< 

SO* 

No. 

C f 

/O' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 2 

1 

1 7 

0 

0 

2 

2 3 

5 

7.9 

1 

3 6 

10 

11 6 

10 

16 8 

4 

14 3 

17 

19. S 

14 

22 3 

7 

25 0 

12 

13 9 

19 

30 2 

7 

25 0 

21 

24 5 

9 

14 2 

5 

17 8 

18 

21 0 

5 

7 9 

4 

14 3 

5 

5 8 

0 

63 

0 0 0 0 

2S 86 

Colored Patients. 

0 

0 

0 

0 

0 

0 

0 

1 

4 7 

0 

0 

a 

0 

0 

0 

I 

14 3 

3 

15 S 

4 

19 0 

1 

14 3 

5 

26 3 

7 

33 3 

1 

14 3 

6 

47 3 

4 

19 a 

2 

2S 6 

2 

10 5 

3 

23 S 

o 

2S.6 

o 

10.5 

0 

0 

0 

0 

1 

5 3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


21 7 10 


duodenal. Chronic duodenal 


Female. 

Male. 

Female. 

No. 

Co- 

No. 

%■ 

No. 

C' 

/O’ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

5 0 

0 

0 

0 

0 

1 

2 9 

4 

11 1 

1 

16 7 

7 

20 5 

s 

22 3 

0 

0 

3 

s s 

7 

19 4 

1 

16 7 

10 

29 4 

6 

16 7 

0 

0 

G 

17 6 

10 

27 8 

1 

33 3 

4 

11 s 

1 

2 S 

2 

33 3 

1 

2.0 

0 

0 

0 

0 

34 


36 


6 



I 

5 6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

27 7 

1 

16 7 

0 

0 

2 

11 1 

n 

33 3 

3 

30 0 

3 

16 7 

o 

33 3 

o 

20 0 

o 

11 1 

1 

16 7 

4 

40 0 

3 

16 7 

0 

0 

0 

0 

2 

11 1 

0 

0 

1 

10 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

. 


— 


■ — 


18 


6 


10 
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the more recent and complete studies done in this country was that 
of Sturtevant and Shapiro 14 from Bellevue Hospital, New York City, 
in which they found ulcers in 2.13% of 7700 autopsies. 

From our review of the literature we have arrived at the belief 
that there is no “true” incidence for peptic lesions the world over. 
It would seem, and we shall show this to be true in part, that there 
is considerable variation in the incidence of ulcers with the years, 
at least in the area about Philadelphia, as well as with the geographic 
location of the study. 

In an effort to supply data for the Philadelphia region, we have 
undertaken an analysis of the consecutive autopsies performed at 
the Philadelphia General Hospital for the 17-year period, 1920-1937. 
These data were gathered to be used in a study being conducted by 
the Fourth Conference of the International Society for Geographic 
Pathology. However, due to ■world conditions, the conference 
scheduled in Rome for June, 1940, was never held. 

There are several factors peculiar to this study. The most impor- 
tant is the nature of the cases which come into the Philadelphia 
General Hospital, which is a municipal, charity institution. Many 
of the cases are extremely ill or moribund when admitted, making 
complete study impossible before death. Furthermore, as the 
nature of the institution considerably limits the use of special studies, 
not all the data which might be desired could be obtained for each 
case. The economic status of the patients which enter this institu- 
tion is also low, hence the figures obtained from this study cannot 
be interpreted as being representative of a true cross-section of the 
population. 

To complete these data we have surveyed the autopsy reports 
from the files of the hospital. It is important to realize that the 
information contained therein was compiled by various pathologists 
who used different terminology and criteria. Therefore, the personal 
element is large. However, there were available descriptions of the 
lesions in each instance, and we have used the reports of the autop- 
sies, along with what clinical reports were available, in order to gain 
the fullest possible information about each case. 

We have divided the lesions according to their location in the 
stomach and in the duodenum. The lesions have also been classified 
as acute and chronic. In all instances this latter distinction was 
made upon microscopic examination. 

Between 1920 and 1937, 22,956 autopsies were performed at this 
hospital, and in this series 548 cases were found to show peptic les- 
ions, an incidence of 2.75% for the entire series. 

Table 2, presenting the age and sex distribution of lesions in both 
whites and negroes, has been subdivided into acute and chronic 
lesions in the stomach and in the duodenum. Peaks in the incidence 
of peptic lesions are seen in the fifth and seventh decades, the highest 
peak being seen in the latter decade (Charts 2a and 2b). In the 
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negroes, for both gastric and duodenal lesions, the peak for males is 
m the fifth decade, and for females, in the seventh. Part of this 
20-year difference between races may be explained by the inexact- 
ness with which colored people state their age. 

Chart 1 is a representation of the age distribution of peptic lesions 
of all types for both white and colored patients. It is to be noted 
that the peak of the incidence for colored patients appears about 
20 years before that for white patients. This is in close relation 
to the average life-expectancy difference between the two races. 



Chart I. — Age-race distributions of peptic ulcers in 548 cases. 


Table 3, analyzing the cases according to sex, race and type of 
lesion, shows that the ratio .of colored to white is about 1 to 2.4. 
The hospital autopsy records give an average ratio of colored to 
white of 1 to 2.6. This is a significant indication that there is no 
racial factor operating in gastro-duodenal ulcerations in the Phila- 
delphia region. 

In this same table, the ratio between males and females is 2.1 to 1 
for all types of peptic lesions. The ratio of males to females, duo- 
denal lesions only, is 2.49 to 1, not significantly different from the 
ratio of all lesions. It would appear from this that the frequency 
of peptic lesions is twice as great in males, and that this frequency 
does not vary greatly with the years studied. 

Table 4 was constructed for type of lesion, sex and the year in 
which the autopsy was performed in the hospital. We have divided 
the cases occurring before and after January, 1933, as we found that 
there was a significant difference in the occurrence of gastro-duodenal 
lesions before and after this date. The standard deviation for the 
figures found before 1933 is 0.49%; the standard deviation for those 
after 1933 is 0.59 %. The probability that two such different groups 
could be drawn bv chance from a homologous sampling of cases is 
considerablv less than 1 in 100. We wish to call attention to the 
fact that the vears 1920-1932 were within the period during which 
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prohibition of the sale of alcohol existed in the United States. 
The period 1933-1937 was without this prohibition. The signifi- 
cance of this fact cannot be determined accurately since records of 
alcoholism in the cases studied were very incomplete. It must also 
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be remembered that this same period was one of economic insecurity 
and depression. Chart 3 illustrates clearly the difference between 
the period before 1933 and that after 1933. During this time there 
was no change in autopsy procedures or in the type of records avail- 
able which might account for this difference. 


Table 3. — Sex-Race-Lesion- Distribution-. 



Acute 

Chronic 

Acute 

Chronic 




gastric. 

gastric. 

duodenal, duodenal. 

Total. 

%. 

While males 

. . S6 

60 

90 

30 

272 

49.9 

White females . 

. . 44 

32 

28 

6 

110 

20 2 

Black males 

. . 50 

17 

23 

8 

9S 

18.0 

Black females . 

. . 29 

7 

20 

9 

G5 

11.9 


Table 4. — Annual Sex and Lesion Distribution. 
1920 - 1032 . 

Acute gastric. Chronic gastric. Acute duodenal. Chronic duodenal. 


% total 


Year. 

JIale. 

Female. 

Male. 

Female. Male. 

Female. 

Male. 

Female. 

autopsies 
for year. 

1920 

0 

0 

0 

i 

0 

0 

0 

0 

0.23 

1921 

4 

2 

3 

3 

5 

0 

0 

0 

2.35 

1922 

o 

0 

1 

1 

1 

3 

0 

2 

1.16 

1923 

3 

3 

3 

1 

1 

2 

4 

0 

1.64 

1924 

6 

3 

5 

2 

3 

1 

0 

2 

2.00 

1925 

3 

1 

1 

2 

6 

1 

0 

0 

1.44 

1926 

7 

2 

4 

1 

5 

1 

0 

2 

2.01 

1927 

4 

0 

0 

1 

7 

1 

2 

0 

1.18 

1928 

9 

4 

1 

0 

5 

1 

0 

0 

1.65 

1929 

7 

4 

2 

0 

1 

2 

0 

0 

1.42 

1930 

5 

4 

1 

2 

5 

2 

2 

1 

1.94 

1931 

8 

4 

2 

2 

2 

5 

1 

0 

1.92 

1932 

S 

7 

6 

3 

6 

4 

1 

2 

2.90 

Average 

number of cases per 

year: 

male, 11.7 

; female. 

6.6. 

Average % 

of total 

autopsies for a year: 

1933 12 7 

1.6S. 

S 

1933 - 1937 . 

5 13 

6 

6 

1 

3.40 

1934 

16 

3 

7 

2 

19 

5 

3 

0 

2. So 

1935 

12 

4 

7 

o 

10 

7 

5 

2 

2.50 

1936 

13 

10 

15 

6 

13 

6 

5 

2 

3.50 

1937 

19 

13 

12 

6 

12 

2 

14 

■ 3 

4 . 15 

Average number of cases 

per 

year: 

male, 44.2; 

female. 

1S.2. 

Average % of total 

autopsies for a year: 3.28. 








Table 5. — Location of Lesions. 


Near esophagus .... 

Cardia 

Fundus 

Within G cm. of pylorus . . 

At pylorus ...... 

Duodenum: First portion 

Second portion . 
Third portion . 

More than one lesion in stom- 
ach . 

More than one lesion in duo- 
denum 


Acute 

gastric. 

Chronic 

gastric. 

Acute 

duodenal. 

Chronic 

duodenal. 

Totals. 

%■ 

4 

3 



7 

1 3 

37 

9 



46 

S.5 

64 

18 



82 

15.3 

71 

34 



105 

19.7 

45 

27 



72 

13.5 



140 

47 

187 

35.0 



12 

4 

16 

2.9 


-• 

G 

3 

0 

1.7 

77 

30 

20 

5 

132 

24.7 

17 

6 

51 

8 

S2 

15.3 
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In Table 5 the lesions were arranged according to their acute and 
chronic nature, and according to their location in the gastro- 
intestinal tract. The stomach has been divided into five portions: 

1 . Near the esophagus : an area which was considered to be within 
2 cm. of the esophageal opening into the stomach. 

2. Cardia: the upper one-third of the stomach. 

3. Fundus: the portion of the stomach from below the “cardia” 
to within 6 cm. of the pyloric ring. 

4. An area within 6 cm. of the pylorus, limited distally by the 
pyloric ring. 



Chart 3. — Yearly distribution of peptic ulcers. 


5. Pylorus: the region of the pyloric sphincter muscle and as far 
as the proximal edge of the duodenum. 

The duodenum was divided into three portions: 

1. First portion: the superior 2 inches (5 cm.). 

2. Second portion: the descending portion, about 3 inches 
(7.5 cm.) long. 

3. Third portion: in which was included the anatomic third and 
fourth portions, the last 5 inches (12.5 cm.) of the duodenum. 
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This latter inclusion of the two anatomic areas into one group 
was made because of the extreme rarity of lesions in this general area. 
The figures show that in the stomach region 83.5% of the lesions 
were within 6 cm. of, or at, the pylorus. In the duodenum, 88% 
of the lesions were in the first 2 inches (5 cm.) of the organ. This 
table does not include all of the 548 cases because specific information 
as to the location of the lesions was not available in every case. 

If one desires to examine these results in terms of the three more 
usual divisions of the stomach, it may be done by adding the 
esophageal and cardiac areas, yielding 9.8%, this corresponding to 
the “Cardia.” The “Fundus” is the same as seen in our table. 
The “Pylorus” amounts to the sum of the area 6 cm. away from the 
pyloric ring, and the pyloric ring, 33.2%. Also in Table 5 have 
been included figures to show the number of cases in which there 
occurred more than one lesion in either the stomach or duodenum. 
It was found that 4.7 % of the gastric lesions were accompanied by 
other peptic lesions in the duodenum, and 4.3% of the duodenal 
lesions showed concomitant lesions in the stomach. The size of the 
ulcer was the determining factor in arriving at which lesion was of 
primary importance. 

Because liver lesions were noted in an extremely high percentage 
of this series of autopsies, Table 6 was constructed to bring out this 
fact. Liver lesions being rather difficult to define, arbitrary division 
as to the degree of altered function was undertaken. “ Parenchymal 
Degeneration” is a term variously used by the group of men per- 
forming the autopsies. Many of these cases can best be considered 
as terminal or postmortem change that has little importance in 
regard to liver function during life. In the group “Metastatic Car- 
cinoma” have been included cases in which islands of definite malig- 
nant tissue were proven by microscopy. The amount of dysfunction 
that such a condition presents probably belongs with the “ Chronic 
Passive Congestion ” group in degree. Cardiac lesions being present 
in a large percentage of these cases, the liver categories were divided 
into those with, and those without, cardiac lesions. This table shows 
that 58% of ulcer cases were accompanied by definite liver damage. 
A random sampling of the autopsies at the same hospital without 
regard to peptic lesions showed 35% with definite liver damage. 
The standard error of each of these figures is about 2%. The 
difference between the ulcer group and the control group is 1 1 times 
the standard error. The chance of obtaining, from a homogeneous 
population by purely random sampling, two samples of this differ- 
ence is incalculably small. 

Nowhere in the literature have we found observation of this 
coexistence of peptic ulcer and liver damage. The relationship 
between liver function and peptic ulceration has not been clearh 
established. However, we suggest that liver damage may be a 
factor in altering the local circulation of the stomach and duodenum, 
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thereby predisposing to peptic ulceration. This fact is further sug- 
gested by the large number of cases of cardiac damage found in 
relation to peptic lesions. 


Tabi.e G,- 

-Accompanying 

Acute Chronic 
gastric. gastric. 

Liver Lesions. 

Acute Chronic 
duodenal, duodenal. 

Totals. 

%. 

Cirrhosis: 

With cardiac lesion . 

11 

S 

14 

5 

38 

7 1 

Without cardiac lesion . 

12 

3 

9 

2 

20 

4 8 

Chronic Passive Congestion or 

Necrosis: 

With cnrdiac lesion . 

52 

12 

30 

10 

104 

19 4 

Without cardiac lesion . 

49 

20 

4G 

20 

141 

26 4 

Parenchymal Degeneration: 

With cardiac lesion . 

15 

10 

15 

7 

47 

8.8 

Without cardiac lesion . 

45 

20 

34 

14 

119 

22.2 

Normal Liver: 

With cardiac lesion . 

1 

3 

3 

0 

7 

1.3 

Without cardiac lesion . 

4 

5 

7 

1 

17 

3.2 

Metastatic Carcinoma: 

With cardiac lesion . 

1 

2 

0 

1 

4 

0.8 

Without cardiac lesion . 

5 

3 

o 

1 

11 

1.9 

Tabi.e 7.— Complications op 

Peptic 

Ulceration. 



Acute 

gastric. 

Chronic 

gastric. 

Acute Chronic 
duodenal, duodenal. 

Total. 

%. 

Bleeding of ulcer . . . . 

4G 

8 

28 

14 

90 

17.9 

Perforation of ulcer 

.39 

22 

05 

13 - 

139 

25 0 

Mucosal sears 

19 

G7 

31 

21 

138 

25 8 

Probable malignancy of ulcer . 

G 

0 

0 

0 

0 

1.1 


The complications of peptic ulcer are dealt with in Table 7, 
Perforation occurred in 25% of the cases, and bleeding in 17.9%. 
The presence of mucosal scars is an indication of the healing ten- 
dency of ulcers. This was noted in 25.8% of this series. Also of 
note is the fact that histologic examination of the ulcers revealed 
but 6 cases in which there was any suggestion of malignancy in the 
ulcer base. 

Summary. This study of 22,956 autopsies has shown peptic 
ulcers in 2.7% of the cases. There seems to be no racial difference 
in incidence between white and colored patients. Males show ulcer- 
ation twice as frequently as females. There has been a significant 
increase in the observed incidence of ulcer since 1933. Liver lesions 
occur in ulcer cases in a significantly greater percentage of autopsies 
than in a random sample of this hospital’s autopsy records. While 
the incidence of ulceration varies with the geographic locality and 
with the calendar years studied, the age groups most involved, 
namely the fifth to seventh decades, remain constant in our material. 

We wish to express our sincere gratitude to Dr. M, M. Lieber for the use of his 
cross-index of the autopsy records of the Philadelphia General Hospital, and to thank 
Dr. J. H. Clark for making available these records. 
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Domage’s 3 discovery of the chemotherapeutic value of sulfanila- 
mide has opened a new field of medicine. Subsequent investiga- 
tions have broadened the usefulness of this type of therapy, largely 
through the development of other derivatives. Several thousand 
such compounds can be synthesized by introducing substituent 
groups in the molecule. Clinical use of a few of them has followed 
observations of their antibacterial activity and relative toxicity for 
animals. Thus, sulfapyridine and sulfathiazole have gained wide 

* This study was aided by a grant in honor of Craig 1 eiser. 
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acceptance as useful and relatively safe agents in pneumonia ther- 
apy. A third, sulfadiazine 5 - 7 has shown promise of clinical useful- 
ness in pneumococcal pneumonia. Still another derivative, 2-sulf- 
anilamidopyrazine* (“sulfapyrazine”), is the subject of this study. 
It interested us particularly because of a previous observation that 
pyrazine monocarboxyl ic acid is less toxic than the corresponding 
pyridine carboxylic acid. As there have been no clinical reports 
published on the use of sulfapyrazine, we offer this brief preliminary 
study in hope that it will stimulate further trial. 

2-Sulfanilamidopyrazine (“sulfapyrazine”) is a colorless, tasteless, 
crystalline substance, melting at 255° to 257° C. It is slightly 
soluble in water, but dissolves readily in weakly alkaline solutions. 
Its sodium salt, sodium 2-sulfanilamidopyrazine monohydrate, is 
freely soluble and is less strongly alkaline than the sodium salts of 
sulfapyridine, sulfathiazole and sulfadiazine (pH 9.3, 10.7, 10.0, 
10.2, respectively, for 10% solutions in physiologic saline). 

Single doses of 1 gm. per kg. (as the sodium salt, but figured on 
the basis of the free drug) were injected intraperitoneally into mice. 
Death followed usually within 24 hours. Doses of 0.5 gm. or less 
per kilo of body weight were tolerated without ill-effects. Four 
dogs were given 2 gm. of the drug daily for 40 days. They not only 
tolerated these doses well but gained weight during the period of 
observation. Further observations indicate a low order of toxicity 
in rats, dogs and monkeys, and will be reported fully in another 
communication. 

Single dose studies, employing 4 gm. by mouth per dose, were 
made on 6 convalescent hospital patients. Frequent determinations 
of the blood level disclosed the maximum between 4 and 8 hours after 
administration of the drug. No abnormal symptoms were detected 
when the drug was given to patients in amounts of 8 to 12 gm. 
daily for a short period of time. Following these observations, the 
drug was administered to 22 pneumonia patients, the responses of 
which form the basis of this report. Almost simultaneously with 
our editorial statement about its use in pneumonia, 4 Raiziss reported 
that he had found sulfapyrazine effective against Type II pneumo- 
coccus infection in mice. 6 

The great majority of the patients had typical pneumonia, 
although a few had given atypical histories; all had unequivocal 
clinical or roentgenographic signs of consolidation. Because of the 
uncertainty concerning the efficacy of the drug, only those patients 
were selected who, on admission, did not seem to require intravenous 
therapeutic agents. All 22 patients recovered. Pertinent data 
concerning these patients are recorded in the table. 

The drug was administered orally in each instance. An initial 
dose of 2 or 4 gm. was employed; thereafter, 1 gm. was given every 

* This drug was synthesized and supplied by Dr. R. C. Ellingson of Mead Johnson 
& Co. 
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4 hours until the patient was free of fever for 2 'days. Blood 
“sulfapyrazine” determinations were made at frequent intervals, 
employing the method of Bratton and Marshall . 2 As expected from 
preliminary observations, the level of the drug in the blood stream 
rarely was higher than 3 mg. per 100 cc. when the above dosage was 
employed; in several instances, recovery occurred when only traces 
were demonstrable in the blood. The drug rapidly disappeared from 
the blood after administration. 


Table 1. — Analysis of Pneumonia Cases Treated With Sulfapyrazine. 


Sev. 

Color. 

Age. 

t 

t 

Type. 

1 

i 

Blood 

cul- 

ture. 

j Dosage. 

t 

t High- 


1 Day of , 0 . 
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^ Days. 

1 

| level. 
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j ease. 
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I 
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w 

57 

1 

XXXII 
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28 i 

5 
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j 2 

l 
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w 

1 2S 

VII 

1 Neg. 

34 I 

6 

1 2 1 

RU 

3 

Well 

M 

w 

19 

ll 

i Neg. 

28 

5 
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RL 

, 1 

' Well 

M 

c 

) 21 

! XIV 

Neg. 

27 1 

5 
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RL 

' 3 

1 Well 

M 

w 

17 

1 VII 

Neg. 

25 

4 

- 1 6 

RL 

1 3 

' Well 

M 

c 

33 

1 v 

Neg. 

23 i 

5 
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LL 

1 

, Well 

M 

c 

1 27 

1 VIII 

Neg. 

25 , 

5 

2 2 

LL 

1 

Well 

M 

c 

IS 

XXVII 
' and 
' “Caiver” 

Neg. 

26 

5 

2 I 

i 

LL 

1 5 

Well 

M 

w 

14 

|I 
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27 

5 

2 3 

LL 

3 
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M 

c 

39 

III 

1 
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3 

2 5 

1 

RM 

RL 1 

G 

’ Well 

M 
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54 

VIII 
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24 

4 
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LL 

1 
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M 
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38 

I 
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RU 
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w 

03 
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RU 

4 

Well 

F 

w , 

34 

III 

Neg. 

37 i 

G 

1 5 

RL 

3 

Well 

M 

w 

19 

! XXVII 

j Neg. 

24 j 

4 

1.7 

LL , 

3 

. Well 

M 

W , 

42 

II 

I Neg. 

45 , 

S 

2 9 

LL 

4 

Well 

F 

, W 1 

29 | 

VII 

1 Neg. 

14 1 

3 
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34 

6 

2 5 
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4 
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M 

tv 

04 
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26 

4 

’ 3 5 

RL 

3 
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F 

C 1 

17 | 

IV 
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25 ' 

4 

i 3 3 

LL 

3 
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M 

tv 
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r 
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1 

29 

4 i 

1 4.6 

RM 

5 
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* This patient’s temperature had fallen to normal after 12 gm. of sulfapyrazine. 
At this time, he was inadvertently given sulfathiazole; consequently, therapj' uas 
continued with sulfathiazole. 


Within IS hours after the institution of treatment, all of the 
patients showed clinical improvement. In 4 instances, the diminu- 
tion or disappearance of pleural pain was the first improvement 
noted subjectively; more often, improvement was general and less 
easily defined. In 12 of the patients, a critical fall of temperature 
occurred 12 to 24 hours following the administration of the first 
dose In no instance was there a recrudescence of fever after the 
temperature had fallen below 100° F. (rectal). Three of the patients 
had positive blood cultures at the time treatment was begun; IS 
hours later, blood cultures in media which had been enriched with 



TIIK CAPILLARIES IN MYXEDEMA 


435 


para-amino benzoic acid were sterile. None of the patients had 
purulent complications either before or after treatment. 

Untoward reactions to the drug were infrequent, if present, in 
this series. No patient complained of nausea and none vomited. 
Mental symptoms were observed in 2 patients; these consisted of 
hallucinations and persecutory delusions occurring after 48 hours of 
treatment. Both improved rapidly after discontinuance of the 
drug and had no memory of the unpleasant incident. Subsequent 
administration of the drug in the same doses failed to duplicate this 
clinical picture of disorientation or hallucination. Daily examina- 
tion of the cellular elements of the blood disclosed no apparent 
effects. Similarly, frequent examinations of the urine and urinary 
sediment did not reveal the presence of blood or evidence of depres- 
sion of renal function. Skin rashes did not occur in this series. 

Summary. A new derivative of sulfanilamide, 2-sulfanilamido- 
pyrazine, has been given clinical trial in pneumococcal pneumonia. 
Twenty-two selected patients received the drug by mouth. All 
showed prompt improvement and ultimate recovery, with no sig- 
nificant signs of toxicity. The drug is apparently tolerated well and 
it deserves further clinical trial. 

By the time the proof of this article was returned, the authors had treated 10 
additional patients, of whom 2 were bacteremic. All recovered and had no signs 
of toxicity following the administration of sulfapyrazine. 
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THE CAPILLARIES IN MYXEDEMA. 

By H. Zondek, 

M. Michael, 

AND 

A. Kaatz, 

JERUSALEM, PALESTINE, 

(From the Department of Medicine of the Bikur Holim Hospital.) 

The heart in myxedema has been fully described by one of us 2a “ c 
in 1918-19, and the symptomatology, which has been verified by 
many authors in the meantime, may be taken for granted. Less 
attention lias been paid to the peripheral circulation in myxedema. 
Recently we have devoted ourselves to the stud)- of the capillaries 
in connection with this disease. We have had the opportunity of 
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observing 8 myxedema patients, some of them for several years. 
They were all women, between 30 and 62 years of age. 

We studied the capillaries of the ungual limbus previous to, during 
and subsequent to thyroidin treatment. In 7 of the 8 patients the 
capillaries showed a uniform characteristic picture. They were 
fewer in number and very narrow (Fig. I). In some instances there 
was only a barely recognizable, fine line to be seen in the microscopic 
field. Details, particularly a flow, could not be distinguished. In 
those places where the capillaries were not narrowed there was a 
brittle mass filling them, with a great many intervening gaps. In 
other places, only the small loop was seen, while the straight por- 
tions were invisible. In those instances in which the entire length 
of the capillary vessel was recognizable both limbs were in almost 
every ease very straight with no tortuous or crooked portions. 
The two limbs were very close together and the intermediary part 
was pointed and sharply bent. The flow, as far as any was recog- 
nizable, was apparently rapid. The width of the venous and arter- 
ial part did not show much difference; sometimes none at all. In 
some cases the whole picture was somewhat hazy. It was as though 
the details were slightly veiled. Since the number of capillaries 
was small the intermediary spaces with no vessels were clearly 
visible. We give here the case history of one of the patients who 
was under our observation for 4 years. 

Case Report. Mrs. H., aged 33, weighed 67 kilos. She said that she 
had always been healthy, and had had 4 normal deliveries. Menstruation 
has always been regular without any trouble. Recently she has gained 
markedly in weight. Face and hands had become swollen, her movements 
strikingly slow. She was impressed by the fact that the housework became 
more and more difficult for her. Sometimes she had pains in the back and 
legs and a feeling of tightening and oppression in the region of the heart. 
Her voice had become lower and coarse. She, moreover, complained that 
she was continually cold and constipated. Physical examination: The 
patient is small and looks rather pasty. The skin is pale and also rough 
and cold to the touch. Judging by her face, she is older than would be 
expected for her age. The pharynx is without any abnormalities, the 
tongue is thick, the heart enlarged both right and left sides, the heart 
sounds are clear but extremely muffled, the pulse is regular, 56 per minute. 
Blood pressure 95/60 mm. Hg. On the screen, we saw that the action of 
the heart was slow and that the contractions were superficial. Lungs, 
normal. Abdomen, normal. The extremities are sensitive to pressure, the 
skin is rough, but there is no edema. The reflex responses are slow. The 
pupils react normally to light. Blood picture: hemoglobin, 82%; erythro- 
cytes, 4,200,000; leukocytes, 5000. Basal metabolic rate, —29%. Blood 
cholesterol, 423 mg. per 100 cc. Sella turcica, without any peculiarities. 

Similar findings were obtained in the other 6 patients. During 
thyroidin treatment the number of capillaries increased and their 
limbs became wider (Fig. II, a-c). While they had been straight 
previous to the treatment, they now became curved and tortuous. 
The venous portion was sometimes markedly distended and the 
bloodflow slowed down so that stagnation was brought about. 
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It is worthy of note that the changes of the capillary picture 
were by no means in proportion to the clinical improvement. In 
some instances the capillary picture varied in such a way that in 
some fingers wide capillaries were found while in others they were 
narrow. No parallelism between the decreasing circulation time 
and capillary dilation was noted (tested by means of a 20% mag- 
nesium sulphate injection). Although the bloodflow became more 
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Fig. I 

Fig. I. — Capillaiies of the ungual 
idin tieatment. 

Fig. II. — Capillaries of the ungual 
idin treatment. 



Fig. II 

limbus of 3 myxedema patients before thyio- 
limbus of 3 myxedema patients aftei thyio- 


rapid, the capillaries, to begin with, often remained narrow. Only 
later did they become wider, but no regularity could be observed 
in this respect. Thus, for instance, in one of the patients, the 
capillaries were very narrow, while the circulation time was normal. 

An explanation of this discrepancy might be that the circulation 
time does not depend exclusively on the capillary dilation, but is 
also linked to the condition of the arteriovenous anastomoses. 
Opening the arteriovenous anastomoses brings about considerable 
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increase of the circulatory speed without the cross-section of the 
capillary bed being considerably enlarged. This has also been veri- 
fied by Michael’s and Buschke’s 1 investigations who found the capil- 
laries to be surprisingly narrowed in Graves’ disease, a condition 
similar to that observed by us in myxedema. Since, however, these 
two conditions are associated with the opposite circulatory symp- 
toms, particularly as concerns the circulatory speed, it should be 
concluded that these symptoms are produced by the opposite 
behavior of the arteriovenous anastomoses, not, however, by that 
of the capillaries. It should be assumed that in Graves’ disease 
with its abnormally increased oxygen requirement of the tissues and 
increased circulatory speed the arteriovenous anastomoses are open. 
In the myxedema patient with his reduced oxygen requirement in 
the tissues and reduced circulatory speed, the capillaries are cer- 
tainly narrowed, but, in addition, the arteriovenous anastomoses 
must, as a consequence, also be closed. If, as the result of thyroidin 
treatment, the 0 2 requirement rises again so that an increased blood 
supply of the tissues becomes necessary, this increase may be brought 
about by dilation of the capillaries as well as by the opening of the 
arteriovenous anastomoses. Both may, however, occur in inter- 
action with one another. Thus it becomes comprehensible that 
the capillary picture is not always parallel to the increase of the 
circulatory speed. 

The question as to whether the control of the peripheral portion 
of the circulation (capillaries, arteriovenous anastomoses) is executed 
by the thyroid hormone is not easily decided. Since, apparently, 
the arteriovenous anastomoses show an opposite action in Graves’ 
disease and myxedema, it should be assumed that it is actually the 
thyroid hormone that is the responsible factor in this process. This 
would mean that the same hormone that on the one hand sets the 
circulatory machinery in motion, increases the number of its revolu- 
tions (the minute volume as well as the amount of blood in circu- 
lation) which shortly increases the actual work performed by the 
heart. On the other hand, this hormone must be held responsible 
for the less powerful action of the heart. That the capillary func- 
tion might also be subject to the activity of the thyroid hormone, is 
highly improbable. This would also be contradictory to their uni- 
form behavior in Graves’ disease and myxedema. 

It is a well-known fact that the cardiac muscle in myxedema con- 
tains much fluid matter (Zondek). Some of our patients who com- 
plained of angina-like heart trouble were improved by this therapy. 
The optimal dosage varied greatly as to the individual case (from 
0.3 to 0.4 gm. thyroidin weekly up to 0.4 to 0.6 gm. daily). Up to 
the present, the stenocardiac symptoms occurring in the patients 
who are suffering from myxedema have been explained by their 
tendency to develop an early arteriosclerosis. It has been shown 
by animal experiments that thyroidectomy may induce severe 
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atheromatosis of the aorta (v. Eiselsberg, Pick and Pineles, el al.). 
The immediate response to thyroidin therapy in most eases, how- 
ever, in itself supports the theory that these troubles cannot be due 
to arteriosclerosis. It is, in our opinion, more rational to assume that 
the process of swelling taking place in the cardiac muscle with the 
resulting pressure on the blood-vessel— which means a reduced blood 
supply to the cardiac muscle— is also active in bringing about the 
stenocardiac symptoms. It is suggested that the same narrowing 
of the blood-vessels which was found on the peripheral capillaries 
takes place in the myocardium. In this way, the beneficial effect 
of thyroidin is also explained. 

In any case the nature of the process taking place in the blood- 
vessels which induces the stenocardiac paroxysm in the myxedema 
patient is entirely different from that which is found in sclerotic- 
changes of the blood-vessels. This is not only evidenced by the 
intensity of the symptoms, which do not attain the same degree in 
myxedema patients as they do in connection with genuine angina 
pectoris, but it is also made clear by the different response to thy- 
roidin therapy. Recent investigations have produced much elucida- 
tion insofar as it is now evident that genuine angina pectoris, in 
particular the so-called angina of effort, is beneficially influenced 
by thyroidectomy. We are, therefore, considering two different 
phenomena of the cardiac— circulatory apparatus. 

By the way, in those patients who present the symptoms of 
slight stenocardia, even if there are no other symptoms of myx- 
edema, one should always consider the possibility that their troubles 
may be thyrogenous in nature (abortive type of myxedema heart) 
(Zondek. 2<2 ). Particularly so, if the basal metabolic rate is lowered. 
In patients of this kind we occasionally found it reduced to as low 
as 30%. It was, however, striking that the values varied greatly. 
Small doses of thyroidin may now and then produce a surprisingly 
favorable result (0.3 to 0.4 gm.). 

Summary. In 8 women suffering from myxedema with typical 
myxedema hearts, the peripheral circulatory portion was subjected 
to exact investigation. In 7 cases the capillaries (ungual limbus) 
were markedly changed, the most striking feature being pronounced 
narrowness of the limbs. In some instances the loops only were 
recognizable. The number of visible capillaries was reduced. On 
thyroidin administration, the capillary picture as well as the clinical 
symptoms and the circulation time gradually returned to normal. 
No parallelism, however, could be established between the behavior 
of the capillaries on the one hand, and the general condition and the 
acceleration of the circulation time on the other hand. In the light 
of this evidence, the conclusion may be drawn that thyroidin is 
active in opening the arteriovenous anastomoses. Apparently the 
cross-section of the anastomoses as well as that of the capillaries is 
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reduced in cases of myxedema, which is comprehensible in view of 
the abnormally reduced oxygen requirement. 

In many cases myxedematous patients suffering from precordial 
pains similar to anginal states are likewise relieved by thyroidin 
administration. In this case, thyroidin is assumed to bring about 
a dehydration of the heart muscle (Zondek) and thus an increase in 
the blood supply of the heart. It is, therefore, suggested that the 
development of precordial pains in myxedematous patients is not, 
as a rule, due to sclerotic changes of the cardiac vessels, as generally 
assumed, but to mechanical impairment of the coronary flow. 
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The British Encyclopaedia of Medical Practice Including Medicine, 
Surgery, Obstetrics, Gynaecology, and Other Special Subjects. Complete 
Index. Under the General Editorship of Sir Humphry Rolleston, 
Bt„ G.C.V.O., K.C.B., M.D., D.Sc., D.C.L., LL.D., Emeritus Regius 
Professor of Physic, Cambridge; Sometime President of the Royal Col- 
lege of Physicians of London. With the assistance in a consultative 
capacity of F. R. Fraser, M.D., F.R.C.P., Professor of Medicine, Uni- 
versity of London, etc., G. Grey Turner, D.Ch., M.S., F.R.C.S., 
F.R.A.C.S., F.A.C.S., Professor of Surgery, University of London, etc., 
James Young, D.S.O., M.D., F.R.C.S. (Edin.), F.C.O.G., Professor of 
Obstetrics and Gynaecology, University of London, etc., Sir Leonard 
Rogers, K.C.S.I., M.D., LL.D., F.R.C.P., F.R.C.S., F.R.S., Late 
Physician, Hospital for Tropical Diseases, London, and F. M. R. Walshe, 
O.B.E., M.D., Sc.D., F.R.C.P., Physician in Charge of the Neurological 
Department, University College Hospital. Pp. 486. London: Butter- 
worth & Co. (Publishers), Ltd., 1941. Price, $10.00. 

In spite of the difficulties of producing an Index in England, under 
war-time conditions, the publishers have completed this important task in 
such a satisfactory way that the value of the whole set is considerably 
enhanced. In spite of the increased costs in paper, printing and binding, 
the Index is issued at a lower price than the other volumes. E. K. 


The Medical Aspect of Boxing. By Ernst Jokl, M.D., Head of 
Department of Physical Education, Witwatersrand Technical College, 
Johannesburg, So. Africa; Consultant, Medical Aspect of Physical Edu- 
cation, S. A. Defense Force. Pp. 251; illustrated. Pretoria, So. Africa: 
J. L. Van Schaik, Ltd., 1941. 

This monograph should be of great interest to all those connected with 
athletes and games of the "body contact” type. While boxing is primarily 
dealt with in this book, head injuries are frequent in football, or ice-hockey. 
Although the knock-out punch with its consequent concussion is delivered 
deliberately in boxing and is a hazard connected with that sport, neverthe- 
less, a head injury is still a head injury regardless of how or in what field of 
athletic endeavor it is received. 

“The most frequent knock-out is caused by blows to the chin, those 
coming somewhat from the side and from below (uppercuts) being rather 
more effective than blows from directly in front. They result in immediate 
loss of consciousness lasting for periods of variable length. From all avail- 
able knowledge and experience, it is concluded that the typical knock-out 
blow to the chin leads to a two-phasic jerk, which affects the medullary 
centers. During the first phase the clivus and the anterior edge of the 
foramen magnum of the occipital bone are pushed against the lower por- 
tions of the pons and the upper anterior surface of the medulla oblongata; 
while during the second phase by virtue of a contrecoup (rebounding) 
effect, the medulla oblongata bounces back against the internal surface of 
the occipital bone and the posterior edge of the foramen magnum. _ It 
would appear that this double impact produces unconsciousness for injury 
to the medulla oblongata produces unconsciousness much more readily 
than does injury to any other part of the brain.” 
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Although discussion of the immediate effects of a “blow sufficiently 
severe to produce concussion" is given, in subsequent chapters the remote 
sequela; of repeated head injuries, headache, dizziness and instability in 
gait are described and the physiology discussed. 

Other methods of knocking out an opponent by blows over the heart or 
solar plexus with their accompanying injuries to thoracic and abdominal 
organs are outlined. Each variety of injury is illustrated by case histories. 
A good bibliography is appended. 

All in all the author develops a fairly grim case against any of the “bodily 
contact” sports. However, he does not have any suggestion either for 
improvement in the methods of conducting them or for substitution of 
different and possibly less dangerous types of sport. It is quite true that 
any of the injuries he describes can occur. But the Reviewer believes that 
even if these facts were carefully explained to him no real athlete would 
refuse to take part in such games on that account. The book is useful 
however in pointing out to those in charge of athletics the potential dangers 
concerned in any form of sport so that by careful supervision and observa- 
tion of the participants repeated injuries can at least be minimized. 

P. G. 


The Heart in Pregnancy and the Childbearing Age. By Burton E. 
Hamilton, M.D., Cardiologist (since 1921) to The Boston Lying-In 
Hospital, and K. Jefferson Thomson, M.D., Associate Physician, 
Metropolitan Life Insurance Sanatorium, Mount McGregor, N. Y,; 
Research Associate in Medicine, Albany Medical College, etc. With a 
Section Entitled "Delivery and Obstetrical After-Care of Cardiacs,” by 
Frederick C. Irving, M.D., F.A.C.S., Professor of Obstetrics, Harvard 
Medical School; Obstetrician in Chief, The Boston Lying-In Hospital. 
Pp. 402; 33 illustrations. Boston; Little, Brown & Co., 1941. Price, 
S5.00. 

The authors of this timely book very properly mention their considerable 
experience in the management of heart disease in young women. Of the 
three sections, the first deals with the diagnosis and treatment of pregnant 
women with heart disease; the second discusses the physiology of the circu- 
lation during pregnancy; the third describes the courfse of specific cardio- 
vascular diseases throughout the childbearing age. Much is herein con- 
tained which could be found otherwise only by long personal experience and 
careful perusal of the periodical literature. W. J. 


Fractures and Other Bone and Joint Injuries. By R. Watson- 
Jones, B.Sc., M.Ch.Orth., F.R.C.S., Civilian Consultant in Orthopaedic 
Surgery of the Royal Air Force, etc. Pp. 724; 1034 illustrations. Second 
Edition. Baltimore: The Williams & Wilkins Company, 1941. Price, 
S13.50. 

The first edition of this work was published in January, 1939, and this 
second edition was published a year later. The first edition was written 
“in days of relative peace.” Since then casualty surgery has become of 
such importance that the author has "rewritten the chapter on Open and 
Infected Fractures and War Wounds, and included recent developments 
in chemotherapy", blood and plasma transfusion, the treatment of wound 
shock, the closed plaster technique, and the 'technique of amputation.” 

The arrangement of this book is excellent and the illustrations are 
superb. The chapter on the Repair of Fractures, while short, is adequate 
and above all is clearly written so that even a student will not be confused 
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after reading it. The Reviewer is impressed with the repeated emphasis 
that is placed on adequate immobilization of fractured parts. 

The sections on the treatment of open and infected wounds are well done. 
Exception will be taken by some to primary skin suture in any of the cases, 
even though chemotherapy is used as a prophylactic measure against infec- 
tion. Fifteen grams of a sulfonamide seems a large amount to be utilized 
locally but others have used as much with very favorable results. 

The final chapter deals with the organization of a Fracture Service and 
should prove very valuable in both civil and military practice. It is easy 
to understand why the first edition of this volume was exhausted before 
12 months following its publication. The second edition will be equally 
well received for it is an unusually fine piece of work. I. R. 


Synopsis of Diseases of the Heart and Arteries. By George R. 
Herrmann, M.S., M.D., Ph.D,, F.A.C.P., Professor of Medicine, Uni- 
versity of Texas; Director of the Cardiovascular Service, John Sealy 
Hospital; Consultant in Vascular Diseases, U. S. Marine Hospital. 
Pp. 46S; 91 illustrations. Second Edition. St. Louis: The C. V. Mosby 
Company, 1941. Price, $5.00. 

This second edition is similar to the first in plan and content. By 
increasing the length by 124 pages, the author has been enabled to include 
a discussion of heart disease in relation to surgery and obstetrics, to enlarge 
the section on peripheral vascular diseases, and to add a chapter on military 
medicine. W. J. 


Clinical Aspects of the Electrocardiogram Including the Cardiac 
Arrhythmias. By Harold E. B. Pardee, M.D., Assistant Professor of 
Clinical Medicine, Cornell University Medical College; Associate Attend- 
ing Physician, New York Hospital; Consulting Cardiologist, Woman’s 
and Methodist Hospitals; Attending Cardiologist, New York Polyclinic 
Medical School and Hospital. Pp. 434; 219 illustrations on 102 figures. 
Fourth Edition, revised. New York: Paul B. Iloeber, Inc., 1941. 
Price, $5.75. 

This book continues to be a unique and concise guide for the student 
who wishes to learn both the fundamentals of the electrocardiographic 
method and abnormalities of the electrocardiogram which may be encoun- 
tered in clinical medicine. According to the Preface: “Since the publica- 
tion of the last edition of this book the use of precordial leads has added 
greatly to the diagnostic value of the electrocardiogram.” The use of 
precordial leads is accordingly discussed and illustrated. W. J. 


Berkeley Moynihan, Surgeon. By Donald Bateman. With a Preface 
by Lord Moynihan. Pp. 354; illustrated. London: MacMillan & 
Co., Ltd., 1941. Price, $4.00. 

During the past year several biographies and autobiographies of famous 
surgeons have been published. Among the great technical surgeons of our 
time Moynihan ranks near the top. This is a simple story of his life and 
Dr. Bateman has avoided the accusation of hero-worship, Moynihan, the 
man and the surgeon, lives again in this volume. His rise from poverty to 
wealth, from an assistant house surgeon to the greatest surgeon in Britain 
reads like a tale of Horatio Alger. The volume covers not only his Brit- 
ish associations, but throughout one finds references to American colleagues 
and American surgery. 



444 


BOOK REVIEWS AND NOTICES 


With all the honors that were bestowed upon him in Britain and in this 
country, lie, like many other eminent men, failed to be made a Fellow of the 
Royal Society. It was a great blow. One by one nearly every honor had 
come to him, but this one, which he wished above all others, was denied him 
and he became a bitter man. It was an unfortunate thing that he finally 
attacked the President of the Royal Society in a letter to the Times. 

Dr. Bateman in a remarkably able fashion sets forth this great man’s 
virtues and faults, his generosity and his selfishness. It should be read by 
all surgeons, many internists and by all those who are interested in the 
biography of illustrious men. ” I. R. 


Orbital Tumors. By Walter E. Dandy. Pp. 168; 100 illustrations. 

New York: Oskar Piest, 1941. Price, $5.00. 

This small book is a monograph in which the author presents his wide 
experience, covering a period of over 20 years, with orbital tumors. The 
material is presented in the form of 31 case reports accompanied by good 
photographs and excellent sketches. 

In the summary and conclusions, the author stresses that 80% of the 
tumors involved both the orbit and the cranial cavity. This fact forms a 
logical basis for attacking these growths by the intracranial route. The 
operative procedure, identical with that used for hypophyseal tumors,, is 
well described. The approach visualizes, at the same time, both the cranial 
and orbital contents and is the only one which allows removal of intracranial 
extensions and exact identification of the orbital structures. 

This presentation of. the types, pathology and management of orbital 
tumors should be of value to both the neurosurgeon and the ophthalmologist. 
It should make the latter wary of attempting removal, by the anterior or 
lateral approaches, of tumors lying deep in the orbit, or any in which there 
is suspicion of intracranial extension. A. C. 


Einfuhrung in die Allgemeine Chirurgische Diagnostik. By Dr. G. 

Dardel, Privat-Dozent fur Chirurgie, Bern. Pp. 86. Bern: Hans 

Huber, 1941. Price, F r. 6.80. 

This little paper-bound monograph was written for those young graduates 
who are beginning their surgical training. It represents the basis of a 
surgical diagnostic course which the author has given in Bern. He acknowl- 
edges the debt he owes to Theodor Kocher and Fritz de Quervain. It in- 
cludes a great deal of material given in a very abbreviated form. However, 
it is a good little book and those who can read German fluently will find it 
useful and helpful. I. R- 


Essentials of Endocrinology. By Arthur Grollman, Ph.D., M.D., 
Associate Professor of Pharmacology and Experimental Therapeutics in 
the Medical School of The Johns Hopkins University. Pp. 480; 74 illus- 
trations. Philadelphia: J. B. Lippincott Company, 1941. Price, $6.00. 
This book deals with the fundamentals of endocrinology in a simple, 
direct manner that should be useful for clinicians and medical students. 
There are excellent illustrations of gross and microscopic pathology. In 
spite of this, to the Reviewer, a pathologist, the descriptions in the text of 
the morphologic changes in disease show a lack of personal experience by 
the author in the field of pathology. For instance, most pathologists would 
not a twee with the author’s explanation of the renal changes in Addison s 
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disease, his reference to malignant tendencies of adrenal cortical adenomas 
and some of the descriptions of microscopic lesions in endocrine organs. 
However, the author, as physiologist and pharmacologist, has an oppor- 
tunity of treating of those phases more authoritatively than usually can 
be done in books on endocrinology. 

There is an interesting section in each chapter giving a brief historical 
account of the significant steps in the development of our knowledge of endo- 
crine function and disease. A welcome feature is the absence of enthusiasm 
for irrational therapeutics so prevalent in many books on endocrinology. 

This book will be found a useful source of information for all those who 
are not primarily endocrinologists. I. Z. 


Exercises in Electrocardiographic Interpretation. By Louis N. 
Katz, A.B., M.D., Director of Cardiovascular Research, Michael Reese 
Hospital, Chicago; Assistant Professor of Physiology, University of 
Chicago. Pp. 222; 128 illustrations, containing 189 electrocardiograms. 
Philadelphia: Lea & Febiger, 1941. Price, S5.00. 

This atlas is designed to be used in connection with the author’s current 
book entitled “Electrocardiography. ” It contains examples of the usual 
tracings to be encountered while reading clinical electrocardiograms, 
together with adequate explanatory material. A number of tracings labeled 
“definitely abnormal,” might better have been described as “borderline 
or normal,” in the Reviewer’s opinion. W. J. 


NEW BOOKS. 

Outlines of Industrial Medical Practice. By Howard E. Collier, M.D. 
(Edin.), Ch.B., Formerly Reader in Industrial Hygiene and Medicine, 
University of Birmingham; Certifying Factory Surgeon, etc. Pp. 440. 
Baltimore: The Williams & Wilkins Company, 1941. Price, $5.00. 
Medical Conferences of the University of Pennsylvania Bicentennial Cele- 
bration. Development of Occlusion (M-12). By William K. Gregory, 
B. Holly Broad bent and Milo Hellman. (Pp. 72; 49 illustrations. 
Price, $1.50.) The Study of Man (M-B). By Lawrence J. Henderson. 
(Pp. 22. Price, 25c.) Philadelphia: University of Pennsylvania Press, 
1941. 

Infantile Paralysis. A Symposium delivered at Vanderbilt University, 
April, 1941. Pp. 239; illustrated. New York: The National Foundation 
for Infantile Paralysis, Inc., 1941. Price, $1.25. 

Clinical and Experimental Investigations on the Genital Functions and their 
Hormonal Regidation. By Bernhard Zondek. Pp. 264; 59 illustrations. 
Baltimore: The Williams & Wilkins Company, 1941. Price, $4.50. 
Papers of Wade Hampton Frost , M.D. A Contribution to Epidemiological 
Method. Edited by Kenneth F. Maxcy, M.D. Pp. 628; illustrated. 
New York: The Commonwealth Fund, 1941. Price, $3.00. 

X-Ray Therapy of Chronic Arthritis (Including the.X-Ray Diagnosis of the 
Disease). Preliminary report based on 100 patients treated at Quincy, 
Illinois. By Karl Goldhamer, M.D., Associate Roentgenologist, St. 
Mary’s Hospital and Quincy X-Ray and Radium Laboratories, etc. 
With a Foreword by Harold Swanberg,. B.S., M.D., F.A.C.P., Roent- 
genologist, St. Mary’s and Blessing Hospitals, etc. Pp. 131; 24 original 
illustrations by author, 2 roentgenograms, and 4 tables. Quincy, Illinois: 
Radiologic Review Publishing Company, 1941. Price, S2.00. 
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Medical Progress ; Annual 19Jfi. A Series of Fifty-two Reports Published 
During 1940 in the New England Journal of Medicine. Managing 
Editor: Robert N. Nye, M.D. Pp. 625. Springfield, 111.: Charles C 
Thomas, 1941. Price, $4.00. 

Exercises in Electrocardiographic Interpretation. By Louis N. Katz, A.B., 

M. D., Director of Cardiovascular Research, Michael Reese Hospital, 
Chicago; Assistant Professor of Physiology, University of Chicago. Pp. 
222; 128 engravings containing 189 electrocardiograms. Philadelphia: 
Lea & Febiger, 1941. Price, S5.00. (Review, p. 445.) 

Electrocardiography . Including an Atlas of Electrocardiograms. By Louis 

N. Katz, A.B., M.D., Director of Cardiovascular Research, Michael 
Reese Hospital, Chicago; Assistant Professor of Physiology, University 
of Chicago. Pp. 580; 402 engravings including 806 electrocardiograms. 
Philadelphia: Lea & Febiger, 1941. Price, $10.00. 

Doctors Don’t Believe It — Why Should You? Facts and Fallacies about 
Health with Practical Guide for the Layman. By August A. Thomen, 
M.D., with Introductions by Logan Clendening, M.D., and The Right 
Honorable Lord IIorder, Physician in Ordinary to the King of England. 
Pp. 384. New York: Simon and Schuster, 1941. Price, $2.50. 

The Complete Weight Reducer. By C. J. Gerling. Pp. 246. New York: 
Harvest House, 1941. Price, S3.00. 

The Medical Clinics of North America, Volume 25, No. 4 ( Mayo Clinic 
Number, July 1941). Pp. 302; 88 illustrations. Philadelphia: W. B. 
Saunders Company, 1941. 

The current number of The Medical Clinics of North America is devoted to 
Roentgen raj'S and radium in diagnosis and treatment. Since the IS papers are 
contributed by 10 members of the staff of the Mayo Clinic, there is unusually 
good correlation of the material. 

Lymphatics, Lymph, ancl Lymphoid Tissue. Their Physiological and Clinical 
Significance. (Harvard University Monograph in Medicine and Public 
Health, No. 2.) By Cecil Kent Drinker, M.D., D.Sc., Professor of 
Physiology, School of Public Health, Harvard University, and Joseph 
Mendel Yoffey, M.Sc., M.D., F.R.C.S. (Eng.), Senior Lecturer in 
Anatomy, University College of South Wales and Monmouthshire, 
Cardiff, Wales. Pp. 406; 50 illustrations. Cambridge, Mass.: Harvard 
University Press, 1941. Price, $4.00. 

NEW EDITIONS. 

Applied Pharmacology. By A. J. Clark, M.C., M.D., F.R.C.P., F.R.S., 
Professor of Materia Medica and Pharmacology in the University of 
Edinburgh; Formerlj* Professor of Pharmacology in the University of 
Cape Town, and Later in the University of London. Pp. 672; 91 illustra- 
tions, and 52 tables. Seventh Edition. Philadelphia: The Blakiston 
Company, 1940. Price, $5.50. 

Textbook of Bacteriology. By Edwin 0. Jordan, Ph.D., Late Andrew 
McLeish Distinguished Sendee Professor of Bacteriology, University of 
Chicago, and William Burrows, Ph.D., Assistant Professor of Bac- 
teriology, University of Chicago. Pp. 731; 170 illustrations. Thirteenth 
Edition, revised. Price, $6.00. 

Essentials of Electrocardiography. For the Student and Practitioner of 
Medicine. By Richard Ashman, Ph.D., Professor of Physiology-, the 
Louisiana State University Medical Center; Director of the Heart 
Station, Charity Hospital of Louisiana, New Orleans, and Edgar Hull, 
M.D., Professor of Medicine, Louisiana State University Medical School; 
Senior Visiting Physician, Charity Hospital of Louisiana, New Orleans. 
Pp. 373; 122 ifiustrations. Second Edition. New York: The Macmillan 
Company, 1941. Price, $5.00. 
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ALLERGY AND RESISTANCE TO INFECTION. 

In 1891 Koch described the phenomenon which has since been known 
by his name. When tuberculous guinea-pigs are reinoculated intra- 
cutaneously 4 to 6 weeks after the primary infection there is an intense 
inflammatory reaction within a few hours, followed by ulceration and 
ultimately healing without involvement of the regional lymph nodes. 
Von Pirquet, in 1906, proposed the term “allergy” for this altered 
response of tuberculous tissue to reinfection. The localizing effect of 
acute inflammation was already known, and it was natural that the 
accelerated, intensified inflammation of allergy should be identified 
with resistance to reinfection (Romer 40 ). In more recent years Krause, 
Zinsser, Opie and many others have more or less completely related 
immunity in tuberculosis to the allergic state. Zinsser, Ward and 
Jennings 59 concluded in 1925 “the artificial production of allergy by 
dead bacilli or other products appears a hopeful direction for the 
investigation of immunization in tuberculosis.” The concept was ex- 
tended to infection in general. Probably the most widely quoted 
opinion in contemporary discussion is due to Opie, 366 “Both with ana- 
phylactic inflammation and with the inflammatory reaction of infected 
animals, vital organs are protected at the expense of local injury.” 

During the last decade the dissenting voices of Rich and his asso- 
ciates have been largely responsible for the increasing doubts cast on 
the allergic reaction as a mechanism whereby invading bacteria are 
localized or destroyed. It is to be suspected that their cogent argu- 
ments have modified some of the opposing views. In 1936, for example, 
Opie 36c wrote: “In the process of local fixation it is not possible to 
estimate the relative importance of antibodies, of phagocytes and of the 
inflammatory reaction itself.” Rich feels that the factors which govern 
resistance to infection are quite separate and distinct from those con- 
cerned in allergic inflammation even though both attributes result from 
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the same exposure. This does not imply that hypersensitivity does not 
modify the operation of immunity. Indeed Rich and McCord ock, 43 
in 1929, pointed out that increased transudation from the blood-vessels 
must, by dilution, help to neutralize the injurious effects of the products 
of bacterial disintegration in the hypersensitive body. The same process 
clearly makes available to the tissues whatever factors of protection 
circulate in the blood. Conversely, those very products of bacterial 
disintegration, in comparable concentration, would not cause necrosis 
of normal non-sensitized tissue. 

Many of the earlier writings concerning the relation between allergy 
and immunity dealt with the events which follow parenteral introduc- 
tion into an animal of heterologous protein. The identity of the 
“immune body” responsible for anaphylactic sensitization and for the 
various in vitro “immunity” tests was established, and it became a 
commonplace not only to state that hypersensitivity is a stage in the 
development of immunity, but to transfer the reasoning from inert 
molecular protein to bacterial allergy, and resistance to living self- 
propagating infective agents. The correlation may exist in respect of 
these bacterial components which behave after the fashion of heterol- 
gous proteins, that is, yield humoral antibodies, passively sensitize the 
guinea-pig uterus, and exhibit an immediate hypersensitive response. 

The Nature of the Hypersensitive State. Microorganisms are com- 
plex chemical entities. During infection the tissues may become sen- 
sitized both to polysaccharide and protein. There is overwhelming 
evidence that the delayed tuberculin type of hypersensitivity due to 
the protein of microorganisms is unaccompanied by humoral antibody, 
and cannot be passively transferred to normal animals. It is achieved 
only by the introduction of intact bacteria, alive or dead. Hypersen- 
sitivity produced by the injection of bacterial proteins conforms to 
the anaphylactic type, and while the tissues react violently and imme- 
diately to that protein, they will not react hypersensitively to the 
injection of the intact bacteria (Baldwin; 2 Bouquet, Sandorand Schaefer; 5 
Rich; 406 Sabin and Joyner 49 ). As Rich 400 pointed out in 1941, this 
type of experiment has no relation to bacterial allergy, in which condi- 
tion an antibody mechanism is predicated only on the specificity of the 
reaction and the fact of desensitization. 

• The hypersensitivity is a property of the individual cell. Holst 20 
and Stewart and coworkers 52 showed that the addition of tuberculin to 
leukocytes from animals hypersensitive to it kills the cells. Rich and 
Lewis, 42 using the tissue culture technique, showed that cells from the 
blood and fixed tissues of tubercular animals were distinctly more 
susceptible to the toxic action of tuberculin than were normal cells. 
Aronson 10 and Moen and Swift 34 confirmed these findings and found 
that the sensitivity persisted through several transplants. They sug- 
gested, therefore, that this “represented a more or less permanent 
acquired characteristic impressed on the cell as a result of the infection.” 
Moen 33 later showed a similar effect in cultures of mononuclear cells 
obtained from the pleural cavities of tuberculous animals and found 
the tuberculin sensitivity to extend through three transplants over a 
period of 29 days. This raises the question of how valuable is the 
increased phagocytic capacity of mononuclears derived from actively 
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mononuclear cells is followed. The actual physiologic stimulus which 
determines these changes is the liberation of histamine and the substance 
discovered and named leukotaxine by Menkin. 

Finally, as far as generalizations can be drawn from infections of 
different types, the problem under discussion is this. The immune 
animal potentially possesses phagocytic and antibody mechanisms of 
resistance,, and two conditions of hypersensitivity by which specific 
inflammation can be provoked. Are these latter essential or beneficial 
to the animal in its efforts to combat infection? 

Does Allergic Inflammation Localize Infection? The path of absorp- 
tion of chemical substances from the tissues depends on the size of their 
molecules; the smaller molecules are absorbed by the blood stream, the 
larger by the lymphatics (Drinker and Field 13 ). It was shown many 
years ago (Xoetzel 35 ) that bacteria travel from the tissues by the lym- 
phatics rather than the blood stream. Barnes and Trueta 3 showed that 
bacteria placed in freshly made wounds could be found only in the 
lymphatics. This agrees with the observation of McMaster and 
Hudack," that in freshly made wounds the blood-vessels shut down 
and thrombose within a few minutes of the injury, while the lymph- 
vessels remained patent for over 4S hours. 

Since the observations of Issaeff in 1S94 it has never been questioned 
that well-established inflammation forms a mechanical barrier which 
limits the dissemination of bacteria and other particulate matter, with 
a few exceptions, depending on the variety and virulence of the organ- 
ism (Cannon and Hartley; 7 Clark s ). The effect was ascribed to a wall 
of macrophages by Gay and Morrison. 19 to neutrophils by Clark. 5 
Opie^ showed that in local anaphylactic inflammation the small blood- 
vessels and lymphatics are injured and often undergo thrombosis. 
Menkin in an extended series of papers has emphasized the importance 
of this lymphatic blockage in localizing infection. 

When bacteria, however, are introduced into the normal tissues of 
an animal, dissemination may take place before sealing of the lym- 
phatics or mobilization of leukocytes can occur. Rivers and Tillett 45 
found that a mild inflammatory irritant such as beef broth injected 
into the skin of rabbits protected against streptococci injected 24 hours 
later, but did not protect when organism and irritant were injected 
together. This was confirmed by Rich 493 and Menkin himself 32 ® found 
that for the localization of ferric chloride or colloidal iron in a chemi- 
cally inflamed area the irritant must be injected some time previously. 
In some cases the spread of bacteria was hastened. 

The immediate fate of microorganisms which gain access to the tissues 
is determined by the dynamics of capillary and lymphatic function in 
the early stages of inflammation. As far as the vascular bed is con- 
cerned, the main changes are vasodilatation with an increase in capil- 
lary pressure and permeability. These are responsible for the increased 
capillary filtration, and for the parallel increase in lymph flow and pres- 
sure (Field, Drinker and White: 1 ’ Barnes and Trueta 3 ). There seems 
no reason to doubt that edema and increased lymph flow pxr sc facilitate 
dissemination (Rhoads and Goodner,- 33 Rich and McKee: 44 Lurie 27 ®). 
After an interval of time, and one school of thought (as logic demands) 
has endeavored to show how short this important interval may be. 
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the lymphatics become occluded by fibrin thrombi. Menkin considers 
that retention of materials in an acutely inflamed area depends on the 
fibrin network formed in the edematous tissue spaces or in lymphatic 
vessels. He showed, moreover, that the rapidity with which bacteria 
are walled off by this process is a function of the intensity of the injury 
they cause, and this in turn varies with the nature of the microorgan- 
ism. For example, Staph, aureus introduced locally induces lymphatic 
blockage within an hour, whereas after cutaneous inoculation of hemo- 
lytic streptococci the lymph channels are open as long as 2 days. These 
events appear to be related, not to the plasma coagulase effect of the 
one and the fibrinolytic effect of the other, but to the degree of tissue 
damage. It is perhaps significant that Lurie 270 found on introducing 
melted agar impregnated with tubercle bacilli and trypan blue subcu- 
taneously into normal and highly immunized rabbits, the early rush of 
lymph from the focus of reinfection was so intense that both bacilli and 
dye were swept over to the draining lymph nodes much more rapidly 
in the sensitized than in the normal animal. He stated, 2 ™ “However, 
one cannot conclude from this that in man also the exaggerated inflam- 
mation aids rather than hinders the dissemination of the bacilli of rein- 
fection. • Rabbits become only moderately sensitized to the tubercle 
bacillus, as compared to the exquisite sensitivity that man acquires as 
a result of a tuberculous infection.” Lurie therefore repeated the 
experiment on guinea-pigs and found that the bacilli of reinfection are 
more effectively fixed at the portal of entry in a sensitized and im- 
munized pig than in a comparable rabbit. This he correlated with the 
greater degree of injury in the guinea-pig, the more abundant exudate 
and a histologic demonstration of the more rapid thrombosis of the 
adjoining lymph-vessels to give a clot with a finer sieve formation than 
does the rabbit. The correlation was clouded somewhat by finding 
that the human gave a clot histologically of the rabbit type. Thus, 
Menkin and Lurie demand an intense degree of inflammation for locali- 
zation, and admit that minor degrees may aid dissemination. This 
contrasts with the views of other protagonists of the allergic theory. 
Wilson el a!., 58 for example, find that a mild degree of inflammation 
assisted their guinea-pigs to resist tuberculous reinfection: a high 
degree “was worse than no allergy at all.” 

What bearing does this have on the inflammation of allergy? Rich 
pointed out in 1930 that the deposition of bacteria in an area that is 
already inflamed when the bacteria are introduced is not comparable 
with what occurs in a hypersensitive reaction, when the inflammatory 
reaction must develop after they reach the tissues. Bacteria have long 
been known to spread with great rapidity from the portal of entry in 
the normal animal. Noetzel, for example, in 1906 found bacteria in 
the regional lymph glands 5 to 10 minutes after they were injected into 
the knee joints of rabbits. Rich and McKee stated in 1934 that 
“since the time required for an effective amount of inflammation to 
appear about invasive bacteria, even in the allergic body in which the 
process is accelerated, has been found by all who have investigated the 
matter to be distinctly longer than the time required for bacteria to 
spread from the site at which they lodge.” Rich had shown experi- 
mentally in 1930 that the injection of a mixture of two bacteria into 
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an animal hypersensitive to one of them, even though it reproduced the 
time conditions of an accelerated hypersensitive inflammation in the 
previously normal tissues, the spread of the bacteria to which the animal 
was not immune was accelerated rather than retarded. Cannon and 
Hartley 7 and others confirmed this failure of allergic inflammation to 
protect rabbits against pneumococcal infection. Rich and McKee ' 9 
concluded that the primary localization is accomplished by the immune 
antibody, which acts to hold the bacteria at the site until the leukocytes 
can emigrate to attack and destroy them. After producing with benzol 
a leukopenia in immunized rabbits, they found that virulent Type I 
pneumococci, introduced intracutaneously, proliferate, but adhere to 
each other and to the tissues as well for hours after the controls have 
died with septicemia, even in the absence of microscopically detectable 
inflammatory exudate or thrombosis of lymphatics. In the absence of 
the leukocytes growth of the pneumococci proceeded to form large 
agglutinated masses in the tissues, until they penetrated the blood 
stream and the animal died with septicemia, even though its plasma 
was capable of passively protecting non-immune animals possessing 
leukocytes. 

It has already been pointed out that allergic inflammation may be 
associated with a faster or slower rate of spread of tubercle bacilli than 
in normal controls. 

Does Allergic Inflammation Prevent Proliferation? Many of the re- 
corded observations either indicate that inflammation is not required, 
or fail to distinguish events occurring in an allergic animal from events 
due to the allergic state. 

The numerous papers of Rich and his associates testify that in pneu- 
mococcus immunity localization and destruction of the bacteria are 
carried out by antibodies and phagocytes. The work has been amply 
confirmed (Rich 40 ')- That hypersensitivity adds nothing to this effec- 
tive immunity is indicated by Rich and Brown . 41 They showed that 
if the serum of animals that are hypersensitive and immune to the 
pneumococcus is injected intravenously into normal animals, the im- 
munity is transferred but not the sensitivity. 

Lurie 276 reported quantitative determinations of surviving and metas- 
tasizing tubercle bacilli introduced into normal and sensitized (B.C.G.) 
guinea-pigs and rabbits. He found marked inhibition in the multipli- 
cation of the organisms in the cell-free body fluids, and noted without 
comment the numerous unsuccessful attempts to demonstrate in vitro 
bactericidal properties of serum derived from animals immunized 
against tuberculosis. Freund and Angevine 18 in rabbits pretreated 
with heat-killed tubercle bacilli intracutaneously concluded that viru- 
lent tubercle bacilli introduced by the same route multiply actively at 
the site of injection during the period of retarded lymphatic dissemina- 
tion, and that the retardation is caused by local fixation and not by 
destruction of the organisms. The conclusion was correct in the sense 
that ample numbers of bacteria were present locally for spread to occur 
if the channels were open, but their figures show pretty well as much 
interference with local multiplication as with dissemination in the 
immunized animals. It will be recalled that Lurie 27a found sensitization 
of the rabbit to promote lymphatic spread. 
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Immunity and Allergy as Independent Variables. The spontaneous 
waning of tuberculin sensitivity with persistence of acquired immunity 
suggests their independence. Willis 56 disagreed with this view in con- 
tending that reinfection caused hypersensitivity (and therefore resist- 
ance) to reappear in a shorter time than in non-immune controls. 
Schwabacher and Wilson, 50 and Wells and Brooke 55 found, on the 
contrary, that the development of hypersensitivity was delayed follow- 
ing reinfection. Freund and Angevine 18 raised a further criticism, 
which might be levelled at many other studies, of Birkhaug’s 4 conclusion, 
that desensitization assists the resistance to reinfection, because Birk- 
haug did not show his animals to be desensitized both to tuberculin 
and living tubercle bacilli. 

A varying ratio of the two components, hypersensitivity and resist- 
ance, to infection has been shown to depend on the route of immuni- 
zation. Petroff, Branch and Jennings, 37 and Branch and Cuff 6 found 
that intravenous immunization with killed tubercle bacilli rarely 
induced tuberculin sensitiveness, whereas subcutaneous inoculation, 
for instance, established the same degree of immunity as well as hyper- 
sensitivity. Swift and Derick 53 similarly dissociated allergy and resist- 
ance, using streptococci. Many workers have stressed the efficacy of 
intracutaneous inoculation in inducing hypersensitiveness (Julianelle, 24 
McBroom and Schlesinger 28 ). Dienesand Schlesinger andMcBroom, how- 
ever, return to an earlier viewpoint and believe that allergy so induced 
is not only in part responsible for the early stages of the immune state, 
but that the early phase represents a tissue immunity in which fully 
developed resistance is associated with humoral antibody. It is diffi- 
cult to fit this concept in with the experimental characteristics of the 
tuberculin type of sensitivity. 

There is no need to review again the impressive testimony that 
desensitization experimentally, and maybe clinically, can abolish hyper- 
sensitivity and leave resistance intact. Rich 40 ' gives an excellent bibli- 
ography. Those who feel that allergy is unrelated to immunity accept 
these experiments at face value: their critics find plenty to criticize. 
Freund and Angevine 18 would not accept tuberculin desensitization as 
proof of desensitization to intact bacteria. They feel that the large 
number of deaths in prolonged desensitization of vaccinated animals 
invalidated the experiments of Rothschild ct ah 47 It seems natural 
that continued administration of large amounts of tuberculin over a 
period of months should impair the health of well or sick animals. In 
this respect Willis and Woodruff 57 suggested that the inanition, emacia- 
tion, and ulcers of the skin which followed daily injections of large 
doses of tuberculin may all be factors in bringing about the difference 
between the amount of tuberculosis in the desensitized and untreated 
animals. In a surprising pair of papers Wilson and his associates 58 
state at the outset a disagreement with Rich’s view that allergy pla 3 r s 
no part in immunity. Their experiments on desensitization support 
Rich in entirety, the desensitized animals survived longer and had 
fewer lesions postmortem than allergic non-desensitized animals. Their 
discussion is a reconciliation of experiment and conclusion. They 
found a relation between the degree of sensitivity to tuberculin at the 
time of reinfection and survival time, and suggested that “(1) a slight 
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to moderate degree of allergy at the time of infection is favourable to 
survival, (2) a high degree of allergy is definitely unfavourable, (3) a 
very high degree of allergy is worse than no allergy at all.” With less 
conviction and somewhat paradoxically they concluded that the higher 
the degree of sensitivity to tuberculin reached offer injection, the 
longer the survival time. How this affects the fate of surviving bacteria 
is not clarified. Anent the question of desensitizing doses of tuberculin, 
they raise again the question of their immunizing value, in spite of 
numerous studies to the contrary, and despite the fact that, as Rich 
points out, it is the question of the hypersensitive state which is at 
stake. Tangentially, they then question whether desensitization is 
complete anyway, and suggest that repeated injection may maintain 
minor inflammatory reactions around each tuberculous focus in the 
body, with the result that the dissemination of the bacilli is retarded, 
and the rapid caseation which seems more liable to occur in the highly 
allergic animal is prevented. 

The Effect on the Lesions. In tuberculosis, tubercle formation is 
incited by the lipoid fraction of the bacillus. Through the tissue culture 
studies mentioned above it has become clear that necrosis in these 
tubercles is the result of contact of hypersensitive cells with tuberculo- 
protein. The vascular changes accompanying inflammation are not 
essential to the process of caseation. Quantitatively it is likely that 
the 'amount of tuberculo-protein necessary will vary with the degree of 
hypersensitivity of the individual cells, and in general will require some 
multiplication of the bacteria if the numbers which gain access to a 
given site is small. A given number of bacteria will do less damage in a 
normal than in a hypersensitive body, and their effect can be minimized 
by desensitization (Rothschild;' 17 Wilson 68 ). Wilson and coworkers 
believe desensitized animals live longer than controls and show less 
severe lesions because in the controls “allergy has been allowed to 
develop to a point at which the very intensity of the reaction in the 
internal organs — particularly the lungs — proves prejudicial to life.” 
Freund and Angevine 18 believe that the allergic reaction in the skin of 
intracutaneously inoculated animals protects the rest of the body. 
They state, however, “ it is conceivable that allergic reaction in internal 
organs also promotes the formation of tubercles and development of 
caseous necrosis.” Manifestly all shades of opinion dislike marked 
allergic inflammation in the viscera. Henrici 52 correctly emphasized 
the importance of considering the site of the allergic reaction. In the 
Koch phenomenon the organisms and the products of the reaction are 
cast off to the exterior; when the same reaction occurs in the lung or 
kidney it may result in an extension of the disease. 

Coccidioidal granuloma is the reinfection form of San Joaquin “valley 
fever” or “desert fever,” appearing after the skin tests are positive. 
The mortality in primary infection is virtually nil, in the reinfection 
type about 50% (Dickson and Gifford 9 ). However, only 1 in 354 cases 
of “valley fever” goes on to granuloma. Henrici suggests that in all 
the deep-seated mycoses the progressive course and lesions are de- 
pendent on the state of hypersensitiveness which develops in the patient. 
He points out, too, that in the dermatomyeoses the ultimate healing of 
the lesion is due to the allergic state. 
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Opportunity for exposure and sensitization increases with age, and 
reasonably contributes to the age differences in both the acute and 
chronic disease, particularly if the portal of entry is the respiratory 
tract. Lauche 20 pointed out that lobar pneumonia, which is rare in 
young infants, may occur in the first few days of life, and increasingly 
frequently as infancy is passed. Lauche regards lobar pneumonia as 
the response of an allergic body having a partial immunity to the infect- 
ing type of organism, the sensitization of the infants being passively 
transferred in ntcro, the adult being sensitized as a result of minor upper 
respiratory infections. According to this view, allergy to the pneumo- 
coccus does play a part in the development of lobar pneumonia. Sharp 
and Blake 51 and others provided experimental support for this conten- 
tion. Reimann 38 suggests that the tendency for recurrence of lobar 
pneumonia in the same individual is due to persistence of this allergic 
state. Recurrences have the same type distribution as first infections 
(Finland and Winkler 16 ) but the incidence of bacteriemia and the case 
fatality rate seems generalty lower. One explanation of this paradox 
of increased susceptibility and greater resistance is that the one depends 
on nucleoprotein sensitization and the other on antipolysaccharide 
antibody. Opie 36c considered that while allergy was not essential in 
the production of diseases like lobar pneumonia, rheumatic fever, 
glomerulonephritis, it may modify their course. 

Conclusion. The burden of proof appears to be with those who 
believe that hypersensitive inflammation is an important mechanism 
in resistance to infection. Moreover, in chronic disease like tuberculo- 
sis, the tissue destruction is a manifestation of allergy. This is not to 
deny the value of vaccines or first infection as an immunizing experience, 
nor is it necessary to debate the merits of these procedures. 

The mechanisms of resistance differ widely in respect of different 
infective agents, and in .some diseases like tuberculosis there exists no 
clear basis for the state of resistance. It would seem logical to conclude 
that allergic phenomena would differ vastly, therefore, in importance, 
in diseases like diphtheria, pneumococcal infection and tuberculosis. 

In Gay’s textbook of 1935, Agents of Disease and Host Resistance, the 
Seegals divided infections into three categories: those in which allergy 
played no part in resistance, those in which allergy assists resistance and 
those in which it handicaps resistance. This opinion, to which Rich 
subscribes, is probably nearer the truth than the extremists of either 
school in the controversy. 

Frederick Smith, M.B., B.Ch., 

Associate Professor, Department of 
Bacteriology and Immunity, 

McGill University 
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CONSTITUTIONAL TYPES AND SUSCEPTIBILITY TO PARALYSIS 
IN POLIOMYELITIS. 

Even in tlie earliest writings about poliomyelitis, there is found the 
suggestion that the paralytic disease exhibits a tendency to selective 
occurrence in certain types of individuals. The first account of what is 
dearly poliomvelitis is believed to be Underwood's description in 
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1799, 27 in which lie remarks, "I have seen it in others who are older, 
and the finest children.” Similar notations are found in the observations 
of other clinicians during the 19th century. Shaw (1823), . strong 

and healthy children are more frequently affected than those of a weakly 
constitution.” Heine (1S40), "Before the illness there had been com- 
plete health and well-being, and a strong and blooming bodily con- 
stitution.” Sinkler (1S75), 23 "The affection usually occurs in a strong, 
healthy child between 0 months and 2\ years of age. . . . J. R. L., age 
4 years, was brought to my clinic November 18, 1874. ... Is a robust, 
healthy looking boy, with light hair, blue eyes and sound teeth. . . . The 
excellent state of the general health in this affection is very striking .... 
Almost all -of the children who are brought to our clinic suffering from 
infantile palsy are remarkable for their fine, healthy appearance.” 
Caverly (JS9G): 8 "C ase 1, Boy 3 years; previous health good; active 
child; stronger than his brother 2 years older. Case 2. Boy, 3§ years; 
sturdy child; most active of a family of 3 children. ... Of the 46 cases 
in which the previous health of the sufferer is given, in 35 it is good 
and in 11 it is poor. It is quite certain that the strong, healthy children 
preponderated.” Madison Taylor (1898) ; !9 “A. C., age 12, was a 
perfectly vigorous boy until a fortnight previous. ... D. B., age 4, 
a fine vigorous boy, the first child of young, handsome parents. . . . 
R. P., a robust boy 2 years and 5 months. ... G. S., a healthy girl of 
10 years and 6 months.” Hill (1909) ; IC “As a general rule, the children 
affected had been exceptionally robust and active, with good appetites 
and living on a general diet.” Wickman (1913) : 28 “Heine-Medin’s 
disease usually attacks those in perfect health.” 

Such exclamatory comments concerning children attacked by para- 
lytic poliomyelitis, appearing in studies of the disease before the virus 
and its mode of spread became the center of attention, are enough to 
indicate that whatever individual predisposition there may be, it does 
not reside in being “run-down” in the ordinary sense of the word. 
There is tacit agreement today among many clinicians with the ideas 
expressed by these earlier students as shown, for example, by their 
frequent reaction to the epidemiologic evidence that individual sus- 
ceptibility to paralysis is a major determinant. Many physicians, 
and even laymen, when it is suggested that among the many exposed 
to the virus only the few susceptibles are paralyzed, insist that they are 
not “run-down;” the general assumption being that susceptibility to 
infection is the result of a “run-down” condition in the ordinary sense- 
undersize, underweight, undernourished, and the like. Thelander and 
Pryor 26 have stated, “Our observations bear out those of others that it 
is not the delicate, handicapped child that is most frequently the 
victim of poliomyelitis, but just as often the most sturdy. That some 
of our choicest and handsomest children are endocrine anomalies, .... 
however, is not borne out by our studies” (anthropometric). 

But in earlier times, these ideas did not take root as a fundamental 
epidemiologic feature of the disease. The demonstration of its infectious 
nature, the isolation of the virus, and the experimental transmission 
of the disease had, by 1916, shifted emphasis to the mode of spread as 
the important epidemiologic determinant. Although much evidence 
had accumulated that dissemination of the virus is widespread and 
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that abortive cases or healthy carriers play the major role (Wiekman, 
Caverly, Flexner and his co-workers), paralysis occurring only in the 
minority of those exposed, the reasons were sought in parasitic and 
environmental rather than host factors. 

In the flush of this period of bacteriologic observations, during the 
1916 epidemic, Draper 90 broke away from conventional trends with the 
following clinical observation. 

“The patients displayed certain definite morphologic characteristics 
which appeared with insistent regularity. The type of child which 
seems most susceptible to the disease is the large, well-grown, plump 
individual who has certain definite characteristics of face and jaws; 
is broad browed and broad and round of face. The teeth hre particu- 
larly interesting. It was noted that in 50 to 60 per cent of all the cases 
in the hospital at Locust Valley, the central incisor teeth of the upper 
jaw were separated by a cleft of varying width. The wide-spaced 
dentition has been a striking feature and frequently involves all the 
single teeth of both jaws, so that each tooth stands entirely free.” 

“Among the adolescents and young adults who acquired polio- 
myelitis and in whom the disease seemed always to be most severe 
and, indeed, usually fatal, the type differed from that just described. 
Instead of the very large, well-nourished individuals with widely 
spaced teeth, there appeared a more delicately made type. Of the 
6 or S fatal cases in young adults, seen by the writer, the similarity of 
appearance of the individuals was so striking that all might have been 
of one family. All were brunettes, with very delicate dark skins and 
high coloring of cheeks and lips. Often small, deeply pigmented moles 
were present on face or neck. There was in every case a definite though 
finely chiseled maxillary prognathism, and instead of dental separations 
a tendency to crowding of the teeth. This type was so definitely asso- 
ciated with the severe form of the disease that we have come to attach 
grave prognostic significance to it. In this connection, it is interesting 
to note that a surprising number of the fathers of children ill with 
poliomyelitis presented striking anthropologic markings. Thus one 
was a definite acromegalic, "while two others were clearly Froehlich 
types, dark-haired, fat faces and bodies, narrow shoulders, broad hips 
and knock-knees. In three others, maxillary prognathism was marked, 
and although the body stature was small the hands were very large and 
broad, and there w r as great physical strength. A seventh father had 
widely separated upper incisor teeth and was a tall, big-boned individual. 
Four of the mothers in this group had moderate or marked exophthalmos 
and were high strung, intensely nervous -women. In another instance, the 
mother of two desperately ill cases had an unusual degree of maxillary 
prognathism.” 

“Whether or not these facts have a bearing on the question ot 
susceptibility is still problematical. The cited examples, however, 
are merely a few of the very many similar observations made throughout 
the summer by the diagnosticians of the New 5 ork State Department 
of Health on Long Island. It is interesting, too, to record the numerous 
instances of 2, 3, 4 and 5 cases in families with such parental types, 
suggesting possibly a true family susceptibility.” _ . 

In a later paper, Draper 96 stated: “The foregoing observations 
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gave impulse to investigate the general topic of human constitution in 
relation to disease. The point of view in regard to this matter and the 
technical methods which have been developed during the intervening 
years have been applied to cases arising in the epidemic which has just 
drawn to a close (1931).” 

"Some of the morphologic characters of this group of people which 
differ from the general population can be demonstrated by anthro- 
pometry and expressed in numerical values. Other features cannot be 
subjected to mensuration. But observational and descriptive methods 
suffice to display the striking qualities. The interpupillary space 
is unusually wide. This feature is not only emphasized in relation 
with the upper face (nasion-prosthion) but likewise with the facial 
diameter, although the latter is also unusually wide. These charac- 
teristics, in addition to the somewhat greater distance between the 
inner canthi, give to the face of these children the broad, wide-eyed 
expression which was previously noted. In almost all cases there is a 
definite overbite and frequently a noticeable or pronounced maxillary 
prognathism. The gonial angle formed by the ascending and horizontal 
rami is more obtuse in the subject of infantile paralysis than in the 
members of the control series of miscellaneous diseases. This character 
is similar to that found in adults of the so-called asthenic variety, as for 
example, members of the peptic ulcer group who display a rapidly 
exhaustible energy capacity (adrenal). The narrow subcostal angle is 
likewise characteristic of these. In this series the inner border of the 
scapula was not more frequently concave than in the controls. It is 
interesting to note that, in paradoxical association with these evidences 
of the gracile form, the subjects of acute anterior poliomyelitis tend to 
gain weight and are often definitely pudgy, fat types. The hand index 
(breadth-length ratio) shows a short, broad form. This is ordinarily 
correlated with acromegaloid trends in the facial structure. So far as 
the rest of the body is concerned, the one outstanding measurable 
character is the biiliac-biacromial diameter ratio. The pelvis of these 
individuals is definitely wide as compared with the shoulders. This 
character is generally accepted as a definite mark of the neuter or femi- 
nistic type. In both sexes it marks that deficient gonad activity which 
results in retarded development, and checks metamorphosis toward the 
finished form of the mature individual of either sex. While this char- 
acteristic is usually associated with curving body contour and feminine 
fat deposits, there are certain individuals afflicted with infantile paral- 
ysis who differ. These, on the contrary, are long, lanky, and often 
possess exceedingly large long-boned hands. Certain of the young male 
adults are of this type. As might be expected in the individuals with 
feminine contours and increased fat, the external genitalia are small; 
the penis less than average size with pointed glans. The scrotal sac is 
short. Several cases of unilateral cryptorchidism appeared, and 
numerous instances of short spermatic chord which resulted in a 
partial cryptorchidism on contraction of the cremaster muscles. Before 
puberty the rotund contours of the male children resemble those of 
females. But there are no especially striking physical proportion aspects 
of the adolescent girls or adult women. Comparatively few of these, 
however, are stricken.” 
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It is evident that Draper encompassed more than dimensions in his 
concept of the type of individual which he regarded as susceptible to 
paralysis. Thus, he writes : 9c 

“If perhaps homo sapiens had spent a fraction of the energy in 
the effort to explain himself as he has poured through his intellect upon 
the rocks, the trees and other animals, he would doubtless be wiser even 
than he is today. But it is only within the last quarter-century that he 
began rationally to face the humiliating realization that an adverse 
environment is not the sole cause of such troubles as may befall him.” 

“ Medicine focussed on sick spots in organisms which were partially 
or totally out of commission. Somewhere back in 1912 or so. Dr. 
-Telliffe passed the notion on to me in one of his flaming utterances. 
And, subsequently, it has always been an honest gratification to me 
when, on occasion, I’ve handed the ideas back to him dressed in anthro- 
pometric clothing or gossamer philosophic veils and he has accepted 
them for publication in his journal.” 

“ I have often wondered why it was that the psychiatric branch of 
medicine was more receptive to and sought more eagerly than the 
others to understand the creature man; why the psychiatrists before 
the others strove to capture that quality which Samuel Butler called 
‘personal identity’ and D. H. Lawrence simply ‘otherness.’ Perhaps the 
fascination of watching the wheels go around in reality, the respiratory 
rhythm, the passage of a nerve impulse, the amazing and subtle electro- 
potential flowing from cardiac systole, explains our delinquency. Per- 
haps the mechanisms trapped the internist’s imagination and surely 
any one of them would suffice. . . . But, you cannot study the heart’s 
function by itself and hope to comprehend the creature man. Further- 
more, the internist has been forced to give immediate relief for suffering. 
He inevitably must focus upon an ailing area or organ. The psychia- 
trist, on the other hand, from the time of his interneship has ever faced 
the whole person in action: how does he look? what does he do? what 
sort of creature can he be? Such questions by virtue of their social 
implications encourage the notion of personal identity or otherness.” 

“For the internist to be powerfully impressed by this last named 
quality of a human being, a large epidemic is almost essential. The 
clinical observer of such a calamity cannot fail to perceive that stricken 
persons are of quite a different stripe from those who remain well” — 
simply another way of saying that stronger impressions come from seeing 
large numbers of cases within a sufficiently short space of time to 
enable one to visualize them as a group. 

Draper and Dupertuis 10 continued studies of the evaluation of con- 
stitutional characters of paralyzed persons over a period of years. 
The method used for studying the external morphology was composed 
of mensuration, observation and statistical analysis. The findings 
indicate that persons susceptible to the virus of acute poliomyelitis 
possess a special constitutional type of morphology which differs 
significantly from that of non-susceptiblcs. Variations occur in the 
degree of morphological differences, extending from those imper- 
ceptible to those of high statistical significance. Among susceptibles, 
there is a lack of coordination between growth and development which 
is expressed in a tendency to overgrowth and retarded development. 
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The peculiar presence of the Mongoloid eye and the fetal and infant- 
like retardation of the eye-nose zone suggest adverse genetic or intra- 
uterine forces. The person susceptible to infantile paralysis is a different 
and in some way incomplete phenotype. 

These morphological observations were analyzed by statistical 
methods and the original findings largely substantiated. According 
to the indices used by these investigators, paralyzed individuals showed 
a higher percentage of a greater number of the pertinent characters 
than the normal. They point out, however, that human morphology is 
significant only insofar as it correlates with other characters of the 
total personality. 

Dissenting views of Draper’s thesis have been taken by Levine, 
Neal and Park, 18 and also by Thelander and Pryor. 28 The former investi- 
gators used relatively few measurements, no one of which showed a 
difference; and the average age of their patients was 4.5 years, whereas 
in the studies reported by Draper the mean age was 9 years. Thelander 
and Pryor, using a number of anthropometric indices, could find no 
demonstrable differences in anatomical characteristics between 100 
children paralyzed from poliomyelitis and 518 normal controls of the 
same age and sex. It is not clear from their paper that some of the 
measurements were not influenced by effects of the disease. For 
example, patients with atrophy of one or both shoulders were apparently 
included in their series of biacromial diameter observations. 

Draper has always taken into account the whole individual, stating, 
“Afflicted children have something about their appearance and form 
and expression definitely absent in those who escape. ... It would 
seem that the paralyzed child possesses the same essential otherness in 
susceptibility as does the necessary virus,” 90 while in the two studies 
cited which differ from his thesis, the observations have been confined 
to measurable dimensions, no one of which considered separately would 
necessarily be a measure of susceptibility. Thelander and Pryor have 
said, either facetiously or naively, “That variations in susceptibility 
exist cannot be denied, but that these variations in susceptibility to an 
ultramicroseopic organism can be measured by centimeters and grams 
in a highly complex physicochemical and electrodynamic nature, such 
as the human body with heredity linked to chromosomes, genes and 
protones, does not necessarily follow.” 

Epidemiologically, there are indications which point to differences in 
the exposed, rather than differences in exposure, as determining the 
occurrence of paralytic poliomyelitis. Expressions of the widespread 
and more or less uniform dissemination of the virus are seen in such 
features of the clinical disease as age distribution 3 ® and geographic 
prevalence, 36 in the gradation from frank to mild or suspected abortive 
forms of the disease, and in the development of serologic immunity in 
those who do not have the disease in recognizable form. 5 The limited 
and selective occurrence of the frank disease, however, is apparent in the 
tendency to familial occurrence, 4 in seasonal and climatic variations in 
the frequency with which exposure to the virus results in the paralytic 
disease, 36 in its occurrence following operations on the upper respiratory 
mucous membrane 6,7,11,25 and in its association with pregnancy . 3c,c 

That poliomyelitis occurs excessively often during the latter months 
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of pregnancy is a clinical impression which is in conformity with the 
view that endocrine differences are involved in susceptibility to the virus. 
Among the changes which accompany pregnancy are those of mucous 
membrane, which are attributed to alterations in the economy of 
estrogenic substance. 

The weight of evidence in poliomyelitis implicates the nasal mucosa 
as a portal of entry of the virus. That a disturbance of this structure 
may open up the pathway for the entrance of the infectious agent is 
strikingly shown in the occurrence of bulbar poliomyelitis following 
tonsillectomy and adenoidectomy. Thus, the suspected selectivity 
seen in the occurrence of paralytic poliomyelitis in the latter half of 
pregnancy suggests the involvement of estrogenic substance in sus- 
ceptibility, and gives some indication as to the possible manner of its 
operation: through mucous membrane alterations. 

While no weight can be given to single instances, there are two 
occurrences of poliomyelitis recorded in endoerinopatkic individuals 
which, because of the uncommonness of the disease and the even 
greater rarity of the endocrinopathies in the general population, are 
impressive when taken together. In four types of “juvenile adiposo- 
genital hypopituitarism” cited in a stud }', 12 one had suffered an attack 
of poliomyelitis. The other instance is an attack of poliomyelitis in 
an adult male castrate individual seen by the author. 

Experimentally, it has been shown that castration of immature 
female monkeys (Macacus rhesus) results in thinning of the genital 
mucosa, and that the administration of estrogens to such animals 
effects a recornification of the genital mucosa . 1 The nasal mucosa 
participates in these changes . 22 

Experiments have been reported by the author 3 ' in which castrate 
immature female monkeys developed poliomyelitis following intranasal 
instillation of virus more promptly and with greater frequency than 
castrate immature female monkeys prepared by preliminary injections 
of estrin (Amniotin Squibb), and the reaction maintained through the 
period of virus instillations. Exact comparison could not be made 
between these results and our general experience with intranasal instil- 
lation of virus because of difference in experimental set-up, but there 
was a pronounced dissimilarity between the results in castrate monkeys 
and estrin-treated castrate monkeys. Whether the castrate animals 
were more susceptible than normal animals, or the estrin-treated animals 
more resistant was not clear. However, our interpretation in view of 
general experience with intranasal instillations of virus, and perhaps 
influenced to an extent by theoretical reasons for believing that castra- 
tion would enhance susceptibility and that administration of estrin 
would heighten resistance, was that each procedure affected sus- 
ceptibility. . 

Later experiments 34 showed that the injection of estrogenic sub- 
stance into castrate female monkeys enhanced resistance to intranasal 
instillation of the virus, these animals not only developing experimental 
poliomyelitis with less frequency than the controls, but the intena 
from the first instillation of virus to the onset of the disease was com- 
paratively longer. , 

It is not known whether, on the one hand, the experimental t n- 
ditions are optimal, or whether, on the other hand, they are entirely 
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artificial and beyond the bounds of what could exist in individuals 
exhibiting the manifestations seen in the suspected poliomyelitis 
susceptible type. However, since the experimental observations are 
consistent with epidemiologic implications, it is believed that the 
artificially induced conditions may be considered as reflecting those 
which exist in individuals susceptible to poliomyelitis. 

Comparative urinary estrogen assays were done on poliomyelitis 
patients and control individuals at the Massachusetts Hospital School 
for Crippled Children, Canton. Urinary specimens were collected in a 
uniform manner from poliomyelitis patients and others of the same 
ages, and estrogen assays made by benzol extraction 17 and titration 
by the vaginal smear method. 24 

These assays were made on chronic cases, so the status at the time 
of the test does not necessarily reflect the condition of the patient 
at the time of the attack of poliomyelitis, which in these individuals 
had been from 1 to 20 years previously. Neither is there anything to 
show that the endocrine condition indicated is not a sequela to polio- 
myelitis. However, in view of epidemiologic considerations, we are 
inclined to interpret the results as reflecting a physiologic condition 
which already existed at the time of the attack, although the figures 
cannot be considered conclusive because of the wide range of variability 
between individuals even of the same age. In view of the enhanced re- 
sistance to intranasal instillation of the virus observed in castrate 
monkeys treated with estrogen, the finding of a higher average excre- 
tion of estrogenic substance in the group of poliomyelitis patients 
suggests the possibility that the endocrinopathy sought as the basis 
of autarceologic susceptibility does not lie in a simple deficiency in the 
elaboration of estrogenic substance, but rather in some discrepancy in 
its economy. 

Obviously, a great deal of research must be carried on before a 
satisfactory solution will be obtained to the problem of urinary assays 
for sex hormones. Gustavson and D ’Amour 14 have recently reviewed 
the difficulties of the methods of assay. They point out that estrone 
(theelin) and estriol (theelol) are found in human urine almost entirely 
conjugated with glycuronic acid. The glyeuronides must be hydrolyzed 
by acidifying the urine and heating before the estrogens can be ex- 
tracted with immiscible solvents. Long boiling results in destruction 
of the estrogens. A compromise therefore has to be established between 
complete hydrolysis and minimum destruction. 13 - 15 Marrian 20 adjusted 
the pH to about 1 and then heated the material in an autoclave at 
120° C. for 2 hours. 

It is of the utmost importance to repeat various methods of assay for 
total estrogenic content in exactly the manner reported by the original 
author if the results are to be comparable. Furthermore, the separation 
of the different estrogens before assaying the extract would give much 
more fundamental data. 

In assaying androgens, the period of boiling must be limited to 15 
minutes if losses by destruction are to be avoided. 21 The problem of 
assaying the crude extract from urine is fraught with many difficulties. 2 

During the period in which the author has been engaged in the 
study of poliomyelitis, now extending over 25 years, he has had many 
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opportunities such as pointed out by Draper as “almost essential to be 
powerfully impressed by this quality of the human being” and has 
come to agree that patients with poliomyelitis tend to be of a different 
stripe than other individuals. 314 Although supported only in part by 
actual measurements, 3c ' 10 the impression is that the characteristics of 
such a type are discernible in cases of poliomyelitis, most often in 
older boys and least often in younger girls. 

But in this day of tests, measurements and assays, with insistence 
on statistical proof, clinical impressions lack convincingness. Measure- 
ments are too involved for general workability. Endocrinologic assays 
are not yet sufficiently seasoned for practical application. A test of 
the clinical impression itself, which at least has the advantage of 
being workable, is a simple numerical count of the frequency with 
which it is possible to select correctly the certain type of individual 
in which poliomyelitis occurs. We have attempted by this means to 
return to the basic question: Are those individuals attacked by 
poliomyelitis of a different stripe? 

Observations have been made of 1,004 patients or photographs of 
patients with various crippling conditions, and those who appeared to 
be of the type prone to paralytic poliomyelitis have been separated from 
the others. The data represent 19 cases of poliomyelitis and 31 cases 
of other crippling conditions seen at the Shriner’s Hospital, Springfield, 
Mass., in 1941; and 243 photographs of 177 cases of poliomyelitis, and 
711 photographs of 520 cases of other crippling conditions admitted to 
the Massachusetts Hospital School for Crippled Children, Canton, 
Mass., from 1913 to 1941. Where more than one photograph of a case 
was available, readings were made at separate times, and with no knowl- 
edge of previous inspection. That the readings are not haphazard, 
but represent a selection of characteristics seen in the photographs is 
shown by the fact that, in a high percentage of the cases, second, third 
and sometimes even fourth photographs of the same individual were 
given the same reading, both where the selection was right and where 
it was wrong. In relatively few instances, subsequent readings on 
photographs were reversed. 

Where the patients themselves were seen, all manifestations of the 
disease, for example a paralyzed arm or leg or an amputation, were 
entirely concealed. In the photographs, the whole was covered except 
the face. Inspection of photographs of face only is probably a severe 
test as to whether or not a selection can be made between the types of 
individuals having poliomyelitis and those with other crippling dis- 
eases: first, because some of the living form and expression is doubtless 
lost in a photograph, and, secondly, because body configuration is also 
in considerable part the basis of the clinical impression.* As a matter 
of fact, the comparatively higher proportion of correct selections among 
the patients who were seen indicates that there is something in the 
living ensemble which may not be evident in a photograph of the face. 

The results of attempts to differentiate “poliomyelitis type” indi- 

* After the readings herein recorded were completed, as a test a few erroneous 
readings given in the paper were made correctly when the body was exposed to view, 
and in a few instances where the type was particularly striking, patients recorded ns 
admitted for other diseases were determined to have also had poliomyelitis. 
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viduals from patients with other crippling diseases are given in Table 1 
by sex and age groups. It may be seen that inspection of patients 
themselves (Springfield group) resulted in a fairly sharp division. 
When photographs were used (Canton group) the selection was not as 
high, although the picking of the “poliomyelitis type” shows a positive 
correlation with the individuals who actually were patients with polio- 
myelitis in all of the age groups except girls under 10 years. 

Table 1.— Differentiation by Fa ci At. Chahacteristics Between Individuals 
With Poliomyelitis and Other Crippling Conditions. 
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P = Poliomyelitis. NP = Otliei cupeling conditions. 

+ = Facial characteristics suspected aa being associated with susceptibility to puraljttc 
poliomyelitis. 

— — Facial characteristics not associated with poliomyelitis. 

Springfield = patients seen. Canton = photographs of patients seen. 

The method of selection is open to the criticism, of course, that 
such a test is the actual reading of some result of poliomyelitis. It is 
often pointed out, for instance, “They are fat because they are in a 
wheelchair.” The objection that the decisive characteristics in the polio- 
myelitis cases are not merely results of the attendant physical handicap 
is met, at least to some extent, by the fact that the control groups 
■comprised equally physically handicapped individuals. 

That characteristics which tend to he associated with poliomyelitis 
have been picked, rather than those accompanying or resulting from 
any of the other crippling diseases rejected, is shown by the fact that 
the percentage of selection of persons of the poliomyelitis type in the 
• poliomyelitis group was 39.7 %, while for the five other groups the figure 
fell to between 1S.2 and 26.6% (Table 2). In other words, the differen- 
tiation was approximately equal in till of the groups of other crippling 
conditions. 

It might well he suspected that in some instances actual effects of 
the disease formed the basis of differentiation, as for example particu- 
larly the group classified as “spastic.” However, in all of the non- 
poliomyelitis groups the percentage of differentiation was lower. It 
should he stated that, whenever there was apparent evidence of disease 
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which could not be hidden, the cases were excluded by Dr. Nelson Hatt 
of the Shriner's Hospital, Springfield, and by Dr. John E. Fish, of the 
Massachusetts Hospital School for Crippled Children, Canton, and their 
staffs, and were not included in this study. 

Table 2. — Differentiation bv Facial Characteristics Between Individuals 
With Poliomaelitis and Other Crippling Conditions by Disease Groups. 
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-f- *= Facial characteristics suspected as being associated with susceptibility to paralytic 
poliomy elitis 
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CLINICAL STUDIES WITH THE BALLISTOCARDIOGRAPH; IN 
CONGESTIVE FAILURE, ON DIGITALIS ACTION, ON 
CHANGES IN BALLISTIC FORM, AND IN 
CERTAIN. ACUTE EXPERIMENTS.* 

By Isaac Starr, M.D., 

HARTZELL RESEARCH PROFESSOR OF THERAPEUTICS, UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

Work on the perfection of the ballistocardiograph 11 and the 
interpretation of its records has taken two directions. One of these 
might be termed the physiologic, the other the empirical approach. 
In the first it is aimed to discover what physiologic functions can 
be measured and how accurate the measurement is. This part of 
the work has consisted of a mathematical attack on the problems 
involved, 7 ' 11 animal experiments, 11 and comparisons of results ob- 
tained by the ballistocardiograph with those secured by other 
cardiac output methods; 2 ' 11 and work of this type is far from 
final completion. But, even if exact measurements could be made, 
it does not follow that the relationship between the physiologic 
aspects of the circulation and the clinical aspects of the cases would 
always be clear. Therefore, the empirical approach is equally 
important and this paper is a report of our progress in that direction. 
The data were drawn from over 1000 records made on many hundreds 
of patients during the last 5 years. 

The purpose of this presentation is to acquaint readers with 
the characteristic appearance of ballistocardiograms in certain 
familiar clinical conditions, and with enough of the physiologic 
background to aid in drawing conclusions from such records. I pro- 
pose to set forth the clinical possibilities of the method by showing 
how the results illuminate two questions much debated in recent 
years, the state of the circulation in congestive failure, and the 

* A considerable part of the data contained in this paper was given, as a prelimi- 
nary report, before the Association of American Physicians in May, 1941. 
vol. 202. NO. 4.— ocrroBEn, 1941 
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action of digitalis; and by demonstrating several approaches to new- 
clinical problems which the ballistocardiograph makes possible. 

The ballistocardiograph is simply a suspended table, braced to 
prevent motion in any direction but the longitudinal. Motion in 
that direction, opposed by a strong spring, is magnified by an 
optical system and photographed. A normal young adult lying on 
the table gives a record like that shown in Figure 1, Row’ 1, the 
main features of which can be easily understood. The contracting 
heart expels its blood headv-ard initially and, for the same reason 
that w r hen you fire a gun it kicks you in the shoulder, when the 
heart’s blood goes headward the body is propelled feetw-ard. An 
instant later this blood strikes the arch of the aorta and the curve 
of the pulmonary artery and its headward movement is in large 
part arrested and, simultaneously, blood in the thoracic and abdomi- 
nal aortas starts to move feetw-ard. The forces now generated drive 
the body headw-ard and one can easily see that the larger the amounts 
of blood expelled the greater w-ould be the impacts. Large subjects 
give greater impacts than small ones and, if any subject submits 
himself to conditions known to stimulate cardiac output, such as 
exercise or adrenalin, a marked increase in the size of the recorded 
impacts follows invariably. 

The view that the amplitude of the record is a function of the 
cardiac output is supported by these simple facts as well as by 
comparison with other cardiac output methods. Indeed, this is a 
field which, if foreign to clinicians and strange to physiologists, is 
an old stamping ground for physicists and engineers, the theory 
being directly derived from Newton's Iaw-s of motion. However, 
enough is known of the difficulties to make me believe that this 


Legend fob Fig. 1. 

Fig. 1. — Ballistocardiograms reduced to one-half actual size and taken after a 
15-minute rest period, never -within 2 hours of a meal, -with the subject horizontal. 
In the time record the largest intervals are 1 second. 

Top. Record of a normal medical student. Age 23; height 5 ft. 10 in.; weight 
155 pounds. 

Rows 2 and 8. Records of S.S. Age 50, height 5 ft. 9 in., weight 125 pounds. 
Rheumatic heart disease, mitral stenosis and regurgitation, tricuspid regurgitation 
(?), auricular fibrillation. Row 2 while in failure; the large downward deflection at 
each end is diaphragmatic. Row 3 after recovery from it. This patient has been 
receiving digitalis for a long while and it was continued in the hospital. 

Rows 4. 5 and G. Records of C.J. Arteriosclerotic heart disease. Row 4, in 
failure. During Cheyn e-Stokes breathing; time of ejection marked by dots under the 
record. Cardiac output per minute deviates from the expected normal by at least 
+22%. (Normal limits *22%.) Row 5, still in failure, during labored normal 
breathing; position of diaphragm noted on record; the large impacts are all dia- 
phragmatic. Position of ejection indicated. Cardiac output —9%. Row C, out 
of failure. Cardiac output +22%. 

Row 7. M.C. Hypertensive heart disease. Left, while m failure; note tne 
unusually prominent respiratory variations from the labored breathing. Cardiac 
output in middle of normal range. Ripht. patient out of failure with striking clinical 
improvement. Cardiac output 39%. 
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method, like most clinical methods, is of low accuracy and one 
should regard it in this way, contrasting its results not only with 
the ideal, but also with the ordinary clinical procedures which leave 
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one with practically no idea at all concerning the amount of the 
circulation. 

The method is well suited to use in the clinic. Nothing is required 
of the patient save that he lie relaxed on the table. No especial 
training is required of the operator and records can be secured in a 
few minutes. Indeed, the extremes of abnormality can often be 
identified by a glance at the flickering light spot. 

Taking Records. All records were secured on subjects who had 
been lying at rest for at least 15 minutes. No record was taken 
within 2 hours after a meal. 

On the Inspection of Ballistocardiograms. A chief hazard in the 
interpretation of the records by inspection alone, as readers would 
do, rather than by measurement and calculation, lies in the tendency 
to neglect the size and age of the subject. Large persons have far 
larger absolute cardiac outputs than small ones and the amplitude 
of the ballistic record is related to the absolute value, while the 
decision concerning normality depends on the output referred to the 
size of the subject. Also elderly subjects, even though healthy, 
give smaller impacts than their juniors. Also the heart rate is 
an important factor both directly, and indirectly by indicating 
a change in the duration of systole. Therefore to judge normality 
by a glance at the record requires considerable experience, even if 
age and weight are known, and direct comparison of the records of 
two subjects is handicapped by the same difficulties. However, 
records made by a single subject, at times reasonably close together, 
may be directly compared with confidence and in this paper the 
chief emphasis is on just such comparisons. So inspection should 
suffice the reader to justify, or reject, the main conclusions. 

On examining the records, one must divest himself of a tendency, 
derived from experience with electrocardiograms, to concentrate 
attention on details. Any movement of the patient affects the 
ballistic record, so that artefacts are common. Onlj' the features 
which are constantly repeated deserve any attention. 

The shape of the record should engage attention first. The 
normal form (Fig. 1, How 1) shows a sharp downward deflection 
(I wave) immediately followed by a sharp upward deflection (J wave) 
at each systole. These waves stand out in contrast to the smaller 
and more variable waves in diastole. There is evidence that 
the shape of the systolic record is a reflection of the changes in 
blood velocity in the aorta. The normal heart expels blood with 
a snap, i. e., maximal velocity is attained early in systole, so in the 
normal ballistocardiogram the I and J peaks are sharp and they 
occur early in systole. In some diseased hearts the initial down- 
ward deflection (I wave) is inconspicuous and the J peak moves 
back in systole, changes consistent with the view that maximal 
expulsion velocity is not attained until late in systole in such cases. 

The size of the record should be assessed next for, with reserva- 
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tions to be discussed, the amplitudes of the first downward and 
largest upward deflections, I and J waves, depend on the magnitude 
of the cardiac output. The respiratory variation is always present, 
unless the breath is held, the size of the complexes increasing during 
inspiration, diminishing during expiration. Cardiac output is 
estimated from measurements of representative high and low com- 
plexes. 11 

In special circumstances other factors enter into the estimation 
of cardiac output from the size of the ballistic record. If the form 
is abnormal the evidence indicates that the cardiac output was 
larger than the amplitude of the ballistocardiogram suggests. When 
the rhythm is abnormal, uncertainty exists concerning the best 
value to use for the duration of systole, although I believe that this 
error will be small if data from several complexes are averaged. 

In other cases the difficulties are inherent in the subject rather 
than the method. If the heart valves leak, the ballistocardiogram 
records the sum of the blood regurgitated and that contributing to 
the circulation, and this must be kept in mind in interpreting the 
records. In dyspneic patients the movements of the diaphragm 
create impacts which, if frequent and violent enough, may mask 
the cardiac complexes. 

Indeed, all the difficulties are likely to be at their maximum in 
the investigation of advanced cardiac disease, which is a major 
subject in this presentation. Because of these various difficulties 
cardiac output cannot be estimated with confidence in several of 
the cases to be discussed. Nevertheless, the direction of the changes 
taking place in their circulation is obvious at a glance, and it is to 
these changes that I wish to direct attention. 

Data on the Circulation in Congestive Heart Failure. This problem 
has always presented special difficulties. Methods of estimating 
cardiac output based on the use of gases are hazardous due to 
changing abnormalities in the lungs. The ballistic method avoids 
this difficulty but is subject to the others discussed before and they 
must be kept in mind when records are interpreted. 

Figure 1 shows the record of S.S., a case of chronic rheumatic 
heart disease and mitral stenosis and regurgitation, and possibly 
tricuspid regurgitation as well. There was auricular fibrillation 
also and the records in Figure 1, characteristic of this condition, 
show the impacts irregularly spaced and varying somewhat in form 
from beat to beat. 

In the first record the cardiac impacts are minute, the larger 
downward deflections at each end of the record are diaphragmatic 
impacts from the labored breathing; after improvement the latter 
are seen no more. 

Recalling that, because of the regurgitation of blood through the 
leaking valves, the impacts would indicate a larger circulation than 
was actually present, one is left with no doubt that the circulation 
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during failure was far subnormal. After recovery from failure the 
impacts were larger. It is scarcely conceivable, especially in the 
absence of an active lesion or a change in physical signs, that a 
.greater proportion of the blood was being regurgitated at this .time, 
so we conclude that clinical improvement coincided with a return 
of the circulation towards normal. 

A similar result was seen in patient W.F. (Fig. 2) who was in 
normal rhythm and without evidence of leaking valves, so his 
cardiac output can be estimated with more confidence. In his first 
record, obtained during congestion, the cardiac complexes can 
hardly be identified, the two large downward deflections being 
diaphragmatic. The contrast with later records, especially that 
obtained one year later, is striking. The circulation after recovery 
of his health was far larger than when he was seriously ill. I could 
cite many similar cases. 

But exceptions are common. C.J. (Fig. 1) was also in normal 
rhythm and without evidence of leaking valves. This patient was 
in Cheyne-Stokes’ respiration when first tested and the record 
shows the beginning of breathing after an apnea of about 20 seconds. 
The first breath was a small one but the coincident improvement in 
the circulation is very 'striking. During the larger and more forceful 
breaths which followed, the diaphragmatic impacts so distorted the 
record that estimation of cardiac output at that time was hazardous. 
Nevertheless, even during the apnea the circulation was not sub- 
normal. In this instance congestive failure was not associated with 
subnormal circulation. 

When clinical improvement began, the Cheyne-Stokes’ breathing 
disappeared. The next record shows conspicuous diaphragmatic 


Legend foe Fig. 2. 

Fig. 2. — Ballistocardiograms reduced to one-half actual size. 

Rows 1 to G. W.F., age 49, height 5 ft. 4 in. Admitted in congestive failure; 
the etiologic diagnosis was never clearly established. There was no evidence 
of valvular disease. Lues suspected, was never proved. The digitalis total dose is 
given in grains. Venous pressure is in cm. H:0. Row 1, during failure, the large 
downward impacts are diaphragmatic; the cardiac complexes so small they can 
hardly be identified with certainty. He received a small dose of digitalis just before 
the record was made. Row 2, after rapid recovery from failure; note great increase 
in cardiac impacts and small dosage of digitalis. Row 3, the stimulation does not 
persist but clinical improvement continues. Row 4, an abnormality of form, the 
double I type, is present. Row 5, the record continues to improve, the larger com- 
plexes of the respirntory cycle are now normal, the smaller still abnormal. Patient 
was discharged the next day. Row G, surprising improvement in record in a year s 
time. Patient is working steadily and considers himself cured. 

Rotes 7 and S. M.B. Male. Age 20, height 5 ft. 5 in., weight 139 pounds. 
Traumatic arteriovenous communication right thigh, otherwise healthy. Bow /, 
before occlusion. Blood pressure 12G/GG. Cardiac output at normal average. 
Row S, during occlusion of the circulation to the abnormal leg. Cardiac output 
— 17%. Other control records obtained after release of the occlusion and during 
occlusion of the normal leg were very similar to that of Row 7 and have not been 
reproduced. 
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impacts from the regular labored breathing. Between them the 
cardiac impacts can be seen, smaller than in the previous record, 
but the cardiac output was still within normal limits. With com- 



Fig. 2. 

plete recovery from failure the circulation increased. If we had 
only the last two records we might conclude that clinical recovery 
was caused by the increase in circulation, but the evidence of the 
first record forbids this deduction. 
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In the case of M.C. (Fig. 1), the evidence is clear that his cardiac 
output during congestive failure was much larger than that present 
after he had recovered from it. 

Equally impressive is the fact that many patients with profoundly 
subnormal circulations due to many causes do not have congestive 
failure. Cases I.P. (Fig. 3) and S.L. (Fig. 5) are examples. 

In summary, our evidence concerning the circulation in congestive 
failure coincides with the great bulk of data in the literature. The 
majority of such cases have subnormal circulations, and improvement 
of the circulation often coincides with clinical improvement, as 
repeatedly found by Stewart. 13 On the other hand, this relationship 
is not invariable, as emphasized by Harrison, 4 and any idea that 
the symptoms are the direct mechanical consequence of a diminished 
circulation must be abandoned. 

Data on Digitalis Action. Patient I.P. (Fig. 3) had arterio- 
sclerotic heart disease with auricular fibrillation without any 
evidence of valvular disease. She had never been in failure and 
had received no digitalis for over a month. On admission the 
cardiac impacts were so small that it is hard to be certain where 
systole was. A week in bed without digitalis resulted in some slight 
clinical improvement, arid the systolic impacts can be seen a little 
more clearly at this time. Digitalis given for 3 days coincided with 
further clinical improvement and the record shows a very marked 
increase in the size of the impacts at that time. It should be noted 
that the amount required to produce this effect was less than that 
calculated to produce the drug’s full effect; the clinicians in charge 
did not regard the patient as “ digitalized ” when the third ballisto- 
cardiogram was taken. The patient was certainly digitalized 2 days 
later when the fourth record was taken. At this time the pulse 
rate had diminished and the circulation was certainly smaller than 
it had been 2 days before, although probably larger than on admis- 
sion. The conspicuous effect is the transient stimulation of the 
circulation early in the drug’s action. 

A similar transient stimulation, demonstrated after 0.7 gm. of 
digitalis in patient W.F., is seen in his second record (Fig. 2), 
although the deep downward “K” waves give the impression that 
the cardiac output is larger than is actually the case. 

This early stimulant action of digitalis can be demonstrated 
frequently in both normal rhythm and auricular fibrillation, but 
by no means invariably. Since it is a passing phase of the drug s 
action, it is to be expected that the records would not always be 
secured at the right time. Transient stimulation of the circulation 
after digitalis has appeared occasionally in tests with the older 
cardiac output methods in the hands of Stewart, 15 Harrison, 4 and 
our own group; 10 but, in the belief that digitalis had no effect until 
larger doses had been administered, most of the experiments were 
not timed to demonstrate it and it has never received the emphasis 
it deserves. 
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no digitalis for 8 days 



Fig. 3. — Ballistocardiograms 1 educed to one-half actual size. The top time 
lecord, largest interval 1 second, applies to all records. 

Rows 1 to 4. Records of I.P., age 65, height 5 ft. 2 in., w eight 12S pounds. Arterio- 
sclerotic heart disease. Auriculai fibrillation, Class II A. On admission the patient 
had had no digitalis for over a month. There weie no signs of failure, but the 
patient was weak. Some weeks later operation disclosed a hypernephroma. The 
digitalis column gives the total dose administered. 

Rows 5 to 7. J.R., age 51, height 5 ft. 10 in., weight 200 pounds. Rheumatic 
heait disease, mitral stenosis, auricular fibrillation, Class II A. No signs of failure. 
Fully digitalized on admission, the drug was omitted for 14 days, then given once 
more. There was no obvious change in his clinical condition during this test. Note 
the distorted record when not under the influence of the drug. 

Rows S to 10. Records of J.M., age 24, height 5 ft. 9 in., weight 130 pounds. 
Rheumatic heart disease, mitral stenosis, auricular fibrillation. Row S, Jan. 4, just 
recovered from congestive failure, fully digitalized and on maintenance dose. Row 9, 
Feb. 6, giving signs of too much digitalis. Row 10, Feb. 12, after 8 days without 
the drug. 
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When too much digitalis is given, the ballistocardiograph demon- 
strates that the well-known slowing of the rate is accompanied by 
a diminished size of the individual complexes (J.M., Fig'. 3), a 
combination which must result in a profound depression of the 
circulation. 

Finally, full or .excessive dosage of digitalis has a characteristic 
effect on the ballistocardiograms which one can often identify at a 
glance. If the patient has auricular fibrillation the drug causes 
conspicuous flattening of the diastolic part of the ballistic record 
between the prominent systolic complexes. The records of patient 
J.R. (Fig. 3) digitalized, taken off the drug and then digitalized 
again, show this phenomenon well and it can be seen in the records 
of I.P. and J.M. (Fig. 3) also. 

We find, therefore, that the action of digitalis consists of a 
stimulation earh' in its action at a time before the most obvious 
clinical effects can be recognized. This phase is temporary and it is 
followed by a period when slowing is prominent if there is auricular 
fibrillation. Overdosage is characterized by a profound depression 
of the circulation. Perhaps readers will find the initial stimulation 
surprising, for it has often been taught that the drug has no detect- 
able effect before the full picture of digitalization sets in. But 
pharmacologists would be less surprised, for the stimulation demon- 
strated by our records is analogous to Cushny’s first stage of digitalis 
action, 3 the transient stimulation seen so often in acute animal 
experiments. 

Studies on the Course of Disease. An example of our studies of 
this kind is given by the records, in Figure 4, of A.D., a young 
girl with rheumatic heart disease and mitral stenosis but without 
a murmur suggesting regurgitation. Admitted in her first attack 
of congestive failure, she had the subnormal cardiac output so 
often found in this condition. After 5 days of rest in bed without 
digitalis, diuresis occurred, the venous pressure fell and clinical 
improvement was marked without any corresponding improvement 
in the circulation. Indeed, when the venous pressure and weight 
had reached constant values the circulation was smaller than before. 

The administration of digitalis resulted in a stimulation of 
cardiac output per minute before much of the drug had been given. 
The next day the patient went into auricular flutter which was not 
controlled by the small amount of digitalis then in the body; and 
the tachycardia increased the circulation to normal without an\ 
noteworthy change in the patient’s symptoms. Continued adminis- 
tration of digitalis brought the ventricular rate under control 
3 days later, the circulation becoming subnormal once more. After 
6 days in flutter the rhythm changed to auricular fibrillation with- 
out any noteworthy change in ventricular function or cardiac out- 
put, as judged by the ballistic record. Three days later the patient 
complained of nausea and the ballistocardiogram record showed 
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the long pauses and flat diastole usually found when dosage of 
digitalis is excessive. It is to be noted that the slow rate carried the 
circulation far subnormal without any return of the congestive 
symptoms. Digitalis was withdrawn and improvement followed 
promptly. 

Inspection of the records of Figure 4 draws attention to the 
similarity in the form and size of the systolic complexes throughout 



Fig. 4. — Records of A.D. Female. Age 26, height 5 ft. 2 in., weight 122 pounds. 
Rheumatic heart disease, mitral stenosis. Marked cardiac enlargement, orthodia- 
gram + 60% of expected normal. Blood pressure varied little from 100/70 except 
during rapid flutter (Row 5) when it was 80/65. Digitalis is given as the total dose; 
the patient had not received any before admission. The cardiac output is given in 
per cent of the normal average; the normal limits ±22%. 

the changing clinical picture. The stroke volume is quite constant 
and changes in the cardiac output per minute are almost entirely 
due to changes in rate of beating. Perhaps the cardiac disease has 
set a sharp limit on the stroke volume, and the patient’s circulatory 
adaptations are largely limited to changes of rate. I have published 
the records of another case of rheumatic heart disease with mitral 
stenosis where the patient failed to show the normal increase in 
stroke volume after exercise. 60 
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Another impressive fact is the magnitude of the changes of 
cardiac output per minute without any corresponding fluctuations 
in the patient’s sensations or general condition. I could cite many 
other such instances. 

The Ballistocardiogram in Acide Experiments. No exposition of 
this instrument would be complete without mentioning its utility 
in acute experiments. The ease and rapidity with which records 
can be secured, the fact that a continuous record can be obtained if 
desired, the additional fact that observation of the flickering light 
spot gives the operator a general knowledge of the course of events 
which permits proper timing of the photographs, combine to put the 
ballistocardiographic method in a class by itself for acute experi- 
ments on the human circulation. Records showing the effects of 
drug action, 9 of artificial fever, 66 of exercise, 60 and of holding the 
breath 6 ® have been published, and we are still actively pursuing 
this field whenever clinical opportunity presents itself. 

Records from another acute experiment are given in Figure 2. 
The patient had an arteriovenous fistula of the right leg secondary 
to a stab wound. The records were taken before and during com- 
pression of the abnormal limb by a blood pressure cuff until pulsa- 
tion in the arteries was abolished. There was marked diminution 
in the circulation when the escape of blood through the fistula was 
prevented, as has been found repeatedly, in both clinical and 
experimental studies (for literature see Burwell et ah) In our 
subject additional records taken after release of the cuff and during 
similar occlusion of the circulation in the normal leg were almost 
identical with that obtained before occlusion, so they have not 
been reproduced. 


Legend fou Fig. 5. 

Fig. 5. — S.L. Female. Age 4S, height 4 ft. 11 in., weight 119 pounds. Severe 
angina pectoris. Records two-thirds actual size. 

Top Row. Jan. 16, 1940. Soon after admission. Blood pressure 12G/S0. Car- 
diac output —52% (normal limits ±22%). 

Row 2. Jan. 22, 1940. Blood pressure 140/70. After block of left 2, 3, 4, 5 sym- 
pathetic ganglia without relief. Cardiac output —57%. 

Row S. Mar. 11, 1940. Ten days after release of common duct adhesions. 
Drain in common duct. Cardiac output — 17%. Now within normal limits. 

Rotes 4 to 7. Concerned with the injection of saline solution down common duct. 

Row 4 . Time: 11.19. Before injection. Blood pressure 120/80. Duct pres- 
sure 150 mm. H;0. Patient comfortable. Has had morphine, gr. J s.c., recently. 
Cardiac output —22%. 

Row 5. Time: 11.29. Fluid running in under 200 mm. H:0 head of pressure. 
Blood pressure 120/76. Cardiac output -43%. No pain yet. Note reduction of 
impacts. 

Row G. Time: 11.41. Blood pressure 130/S0. Head of perfusion pressure 
500 mm. Cardiac output -22% or higher. Squeezing prccordial pain radiating 
down left arm. Perfusion stopped after this record. Note abnormal record form, 
the doubled point of the first downward deflection, the “double I” type. 

Row 7. Time: 12.0S. Blood pressure 120/S0. Duet pressure 1G0. Cardiac 
output -30%. Patient comfortable. Form of record normal again. 
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Similar experiments have been performed on 2 other cases of 
traumatic arteriovenous communications. The effect of occluding 


PA TIENT S.L. SUBSTERNAL PAIN 


BEFORE 



AFTER ALCOHOL INJECTION OF L 2, 3, 4, 5 SYMFATH. GANGLIA 



AFTER RELEASE OF COMMON DUCT ADHESIONS 


INJECTION OF COMMON BILE DUCT 

PRESSURE 


,T. 150 

““ injection 


BEGINS : 



Fig. 5. 


the communication has varied in the different cases and the experi- 
ment may well provide a convenient measure of the size of the 
abnormality. 
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Another acute experiment, which gave a most unexpected result, 
was performed with the help of Dr. H. P. Royster. 8 Patient S.L.' 
(see Pig. 5) had been bedridden for many months with attacks of 
pain resembling angina pectoris, an attack being brought on by 
2 trips over Dr. Master’s 6 steps. At first the diagnosis had not been 
clear and 6 years before this admission the patient’s gall bladder 
had been removed in the hope that this was the origin of the attacks. 
No relief had followed and since that time numerous operations 
on the sympathetic nerves had been attempted to relieve the intoler- 
able situation. On admission to the hospital the record in Figure 5, 
Row 1, was secured, which indicated that the patient had a circula- 
tion only about one-half the expected normal, a finding common 
in severe coronary disease. Alcohol injected into sympathetic 
ganglia did not help; after this procedure the circulation was a 
little worse than before (Fig. 5, Row 2). It was to relieve a desperate 
situation that Dr. Ravdin attempted further common duct surgery. 
Adhesions were found, the common duct was freed and drained. 
After this operation the patient was very much better, although 
not entirely relieved of her attacks, and we were amazed to find 
that the circulation had greatly improved (Fig. 5, Row 3). 

Two of Dr. Ravdin’s assistants, Drs. Royster and Sanders, in 
pursuit of their interest in ascertaining the pressure in the common 
duct sufficient to open the sphincter, injected saline solution down 
the patient’s drainage tube. To their surprise they produced an 
attack similar to those from which the patient had been suffering, 
and described as typical angina pectoris. They needed no persuasion 
to repeat the injection on the ballistic table (Fig. 5, Rows 4-7). 
The procedure not only caused pain but also marked transient 
depression of the circulation and an abnormality in the form of 
the impacts. 

The pain the patient described was typical of angina pectoris 
but we do not wish to place too much emphasis on having caused 


Legend fob Fig. G. 

Fig. G. — Changes in the form of the ballistic record induced by operative pro- 
cedures in patients with abnormal hearts. Reproduced one-half actual size. 

Rows 1 to 4 - L.K. Malignant hypertension. Row 1, a normal form; cardiac 
output per minute —27% (subnormal); Row 2, note M-shaped records. Cardiac 
output over —22%. Row 3, diaphragmatic impacts = D, and ejection marked. 
Cardiac output —35%. Row 4, note recovery of normal form. Cardiac output 
— 17% (normal). 

Rows 5 to 7. G.T. Malignant hypertension. Row 5, normal form. Cardiac 
output +22% (normal). Row G, form very abnormal. Cardiac output doubtful. 
Row 7, form has greatly improved. Cardiac output —13% (normal). 

Rows S to 10. K.T. Angina pectoris and calculous cholecystitis. Row 
normal form. Cardiac output —39% (very subnormal). Row 9, note change to 
abnormal form. Cardiac output uncertain. Row 10, return to normal form. 
Cardiac output —43%. 
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angina by distending the bile duct. The patient had suffered many 
things from many physicians. She had the suggestibility of the 
chronic invalid and she knew the story expected perfectly.' But in 
the difference between the records there is an objective demonstra- 
tion that there is something operating from the biliary passages 
which can depress the general circulation profoundly. This provides 
a definite physiologic background for the vague relation between 
hepatic and cardiac disease which is so often recognized by clinicians. 

Changes in the' Form of the Ballistic Record. The majority of the 
data presented before might have been attained by other cardiac 
output methods if a team of highfy trained operators had worked 
for a long enough time. In such cases the advantage of the ballisto- 
cardiograph consists of its ease and rapidity of operation. But the 
ballistocardiograph may also demonstrate cardiac abnormality by 
alterations in the form of the ballistic record and so provide evidence 
of cardiac health or disease of a type not obtainable by any other 
method. 

Abnormalities of the form of the complexes are common in 
persons with collateral evidence of serious heart disease, and, if 
present, they usually persist in spite of therapeutic measures. The 
records of 3 cases in which the distortion was temporary are shown 
in Figure 6. Each of these patients exhibited some collateral 
evidence of cardiac abnormality' on admission and the ballistic 
abnormality was precipitated by an operation and disappeared as 
the patient recovered from its effects. 

G.T. had essential hypertension and an enlarged heart. The 
cardiac output on admission and the ballistic form were both 
normal. After her first sympathectomy she recovered slowly from 
the effects of the operation and she looked badly and felt weak when 
the second record was taken. Compared with the previous record, 
the initial downward deflection, I wave, is shallower and more 
rounded; the upward peak, J wave, is flattened or split and much 
reduced in height. The time between the second downward deflec- 
tion, K wave, and the beginning of ejection is prolonged. This is 
the form the ballistic record is expected to take when the ejected 
blood attains maximum velocity late rather than early in systole. 

As this patient recovered, the form of the record returned to the 
normal. She underwent a second sympathectomy successfully and 
no ballistic abnormality was detected after it. 

L.K, a second case of hypertension, had a heart whose silhouette 
area was 21% above the expected normal and a subnormal cardiac 
output per minute. After the first sympathectomy the records 
became M-shaped. After the second operation she was very weak; 
diaphragmatic impacts showed the labored breathing and the cardiac 
impacts were greatly reduced in amplitude. As she recovered, the 
ballistic form returned to normal. The changes of ballistic form 
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seen in this case are quite like some of those demonstrated in an 
acute experiment on an anesthetized dog subjected to asphyxia. 11 

K.T. had angina pectoris and exhibited the subnormal circula- 
tion found so frequently in these cases. After removal of the gall 
bladder the ballistic form changed profoundly, the prominent up- 
ward deflection {J wave) being greatly reduced in size and the 
second downward deflection ( K wave) moving far back in systole. 
As the patient recovered her strength the ballistic form returned 
to normal. 

Records obtained on persons with normal hearts subjected to 
operations have not shown any ballistic abnormality during the 
postoperative period, but I have only a few data on the point. 

Summary. This presentation is designed to demonstrate the 
' utility of the ballistocardiogram as an instrument for the diagnosis 
of cardiac and circulatory abnormality and for the solution of 
certain clinical problems. Records are presented indicating changes 
in the circulation in congestive heart failure and on recovery from 
it, during digitalis action, and in various arrhythmias in one patient. 

The method is especially suited for acute clinical experiments. 
The examples cited include ballistocardiograms from a case of 
traumatic arteriovenous communication before and during occlusion 
of the communication, and similar records from a patient with 
angina pectoris in whom pain was produced by the injection of 
fluid down a drainage tube into the common bile duct. 

Changes in the form of the ballistic record provide evidence of 
cardiac dysfunction of a type not obtainable by other methods. 
The examples cited were obtained from 3 patients in whom the 
abnormality followed operative procedures, and disappeared as 
strength was regained. 
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SYNOVIAL FLUID AND SYNOVIAL MEMBRANE ABNORMALITIES 
RESULTING FROM VARYING GRADES OF SYSTEMIC 
INFECTION AND EDEMA. *t 

By Howard C. Coggeshall, M.D., 

FORMER JOHN "WHITE BROWNE SCHOLAR, HARVARD MEDICAL SCHOOL, 

Granville A. Bennett, M.D., 

ASSISTANT PROFESSOR IN MEDICINE, HARVARD MEDICAL SCHOOL, 

Charles F. Warren, M.D., 

rORMER DALTON SCHOLAR, MASSACHUSETTS GENERAL HOSPITAL, 

and 

Walter Bauer, M.D., 

ASSOCIATE PROFESSOR IN MEDICINE, HARVARD MEDICAL SCHOOL; PHYSICHN IN 
MEDICINE, MASSACHUSETTS GENERAL HOSPITAL, 

BOSTON, MASS. 

(From the Medical Clinic of the Massachusetts General Hospital, the Departments 
of Medicine and Pathology, Harvard Medical School, and the 
Massachusetts Department of Public Health.) 

For a number of years, this laboratory has been concerned with 
studies pertaining to the physiology of normal joints and the 
alterations produced by disease. i l ' 3iS ~' 0 The present report, a con- 
tinuation of previous work , 3 was undertaken to correlate various 
degrees of systemic infection and subcutaneous edema occurring 
either separately or combined with abnormalities of synovial fluid 
and membrane. 

Materials and Methods. Synovial fluid was aspirated as completely as 
possible from 156 knee joints of 103 postmortem cases and examined within 
30 minutes of death. The techniques employed have been described. 3 
Long strips of tissue, including synovial lining and subsynovial tissue, were 
removed from the pouches lateral and medial to the patelte of 49 joints. 
These specimens were fixed in Zenker’s fluid and in 10% formalin. Rep- 
resentative blocks of tissue, including the external part of the capsule, were 
embedded in celloidin or paraffin. The cut sections were stained with 
eosin and methylene blue or hematoxylin and eosin. The degree and 
extent of edema were known from antemortem examination. The type, 
severity and duration of the infectious process were estimated on the basis 
of complete clinical and laboratory records and postmortem studies. The 
latter were complete in 53 instances. Patients having died from infection 
without demonstrable edema were divided into 3 groups according to the 
severity of the infection. Those with non-infectious diseases, evincing 
edema, were classified separately. When both infection and edema were 
present, the cases were grouped according to the severity of the infection. 
Terminal infections, sharply localized to one organ or system, complicating 
such disorders as carcinomatosis, cerebral hemorrhage, asthma, and so on, 
were designated as minimal. When the infection was more widespread, 
especially if bacterial metastases had occurred, it was classified as moderate. 

* This is publication No. 55 of the Robert W. Lovett Memorial for the study of 
crippling disease, Harvard Medical School. 

t The expenses of this investigation have been defrayed by grants from the John 
and Mao' R. Markle Foundation and the Commonwealth Fund. 

X Unpublished data. 
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The group with severe infection comprised cases with proved or presumptive 
septicemia. This classification is admittedly arbitrary and may have been 
based in some instances on an erroneous interpretation but offers an approxi- 
mate and for the present purposes sufficient indication of the extent of the 
infectious process. 

Accordingly, the 156 fluids were segregated into the following 
groups: 

I. 37 from cases with minimal infection without edema 

II. 24 from cases with moderate infection without edema 

III. 20 from cases with severe infection without edema 

IV. 18 from cases with edema, without infection 

V. 27 from cases with edema and minimal infection 

VI. 30 from cases with edema and moderate or severe infec- 
tion. 

Results. Synovial Fluid Abnormalities. It is evident from Table 
1 that systemic infection and edema produce characteristic devia- 
tions from normal in the synovial fluid. The normal values used 
for comparison are taken from previously published data. 3 


Table 1.— Variations in the Amount and Cellular Composition of Synovial Fluid 
Resulting From Varying Grades of Infection and Edema. 
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Tvo synovial fluids in Groups IV and V did not have differential cell counts. 
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Amount of Synovial Fluid. The amount of synovial fluid aspir- 
ated from the 156 knee joints showed individual variations from 
0.1 to 40 cc. as compared to minimal-maximal variations of 0.13 to 
2.0 cc. and an average value of 0.45 cc. for normal adult knee joints 
(see Table 1 and Chart 1.) 

From the figures below, it is apparent that increased amounts of 
synovial fluid were usually found in patients with edema, the 
common causes of which were cardiac failure, nephritis, lowered 
serum proteins, phlebitis and regional hvpodermoclyses. 



Chaht 1 . — The average amount of synovia] fluid obtained from the knee joints 
of normal individuals and individuals dying with varying grades of infection and 
edema. The average total nucleated cell counts arc likewise presented. 

Synovial Fluids Obtained from Edematous Patients. Of 75 speci- 
mens, 25 were less than 2 cc. in amount, 15 were between 2 and 5 cc., 
and 35 were more than 5 cc. The majority of these fluids had a 
normal cytology. Of 50 specimens, each amounting to more than 
2 cc., from patients with recognizable edema, 11 showed an increased 
number of nucleated cells, and 14 had an elevated neutrophil count. 
Of 12 specimens surpassing the normal quantity, 7 were derived 
from patients without demonstrable edema but minimal infection 
and showed normal cytology, whereas 5 from non-edematous indi- 
viduals with some infections proved to have increased cell counts. 
The largest effusions, 20 to 40 cc., were aspirated from patients with 
cardiac edema. In such cases, the fluid content of the two knees 
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was practically the same. These findings suggest that the physio- 
logic alterations 6 responsible for the various types of edema 
resulted in an increased transudation into the joints. That such 
increased amounts of synovial fluid consisted largely of plasma 
water is attested to' by low nucleated cell counts, reduced viscosities 
and lowered Content of total solids, protein and mucin. 9 

The amount of fluid obtained from patients dying with infection 
was generally less than 2 cc. unless edema was present. Of 81 
synovial fluids obtained from patients with infection but without 
edema, 69 were 2 cc. or less, 12 were more than 2 cc. Most of these 


NUCLEATED SYNOVIAL FLUID CELLS 



Chart 2. — The average total nucleated cell, neutrophil, mononuclear and lympho- 
cyte counts of normal human synovial fluid and of synovial fluids obtained from 
patients dying with varying grades of infection and edema. 


specimens showed cytologic abnormalities. Increased amounts of 
synovial fluid were present in 20% (4 fluids) of 11 patients with 
severe infection alone, but in 70% (21 fluids) of 17 individuals who 
showed both moderate or severe infection and edema. These 
observations indicate that although inflammation of the synovial 
tissues was frequently present in patients with infection, usually 
it was not of sufficient grade to permit increased transudation into 
the joints. 

Total Number of Nucleated Cells and Individual Cell Types. The 
total nucleated cell counts of normal human fluid specimens range 
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from 13 to 180 with an average of 63 per c.mm. (Table 1.) The 
cell types are expressed as percentage figures and absolute counts, 
since the latter method portrays more accurately the cellular con- 
stituents. The percentages and absolute numbers of cells per c.mm. 
in normal fluid are: 62.9 % or 41.7 macrophages, 24.6% or 14.7 
lymphocytes, 6.5% or 3.3 neutrophils, 4.3% or 2.5 synovial cells 
and 2.2% or 0.8 unidentified cells. Neutrophils range from 0 to 
25%, the absolute counts from 0 to 18. In the analysis of the 
present data, a total nucleated cell count of over 180 and an absolute 
neutrophil count above 18 are considered normal. 
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Chart 3. — Shows the number of synovial fluids in each group which contained an 
increased number of neutrophils, the established normal being 18 per c.mm. The 
values listed below the base line (*) represent fluids that contained no neutrophils. 
Only 16 of the 18 fluids in Group IV and 25 of the 27 fluids in Group V had differen- 
tial cell counts; therefore only 181 dots appear on this chart. 


As can be seen from Table 1, the total nucleated cell counts in 
the present series varied from 1 to 24,700. The highest counts 
were observed in cases with both severe infection and edema 
(Group VI), the next highest in the fluids obtained from patients 
with severe infections but no edema (Group III), and the lowest in 
the group showing edema only (Group IV). Chart 2 shows that 
the elevated total cell counts were due chiefly to increases in the 
neutrophils. The highest neutrophil count, 23,21S (84%), was 
found in a fluid having a total cell count of 24,700 (Case 24, 
Table 2). This specimen was obtained from a patient dying from a 
ruptured appendix and a complicating hemolytic streptococcus 
septicemia. The number of fluids in each group that had an in- 
creased number of neutrophils is readily seen in Chart 3. 
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Analysis of Total Nucleated and Neutrophil Counts. 
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From the above table it will be apparent that 63 of the 156 fluids 
had increased absolute neutrophil counts as compared to 51 with 
elevated total nucleated cell counts. 



Fig. 1. — Normal synovial lining tissue (from the right knee of Case 8, Table 2, 
Group I). (Orig. mag. X 310.) This patient died of thyrotoxicosis, diabetes mellitus 
and bronchopneumonia. The synovial fluids obtained from the knees of this patient 
were normal. (Section stained with hematoxylin-eosin.) (Small numbers of leuko- 
cytes are usually found if sufficiently large areas of the synovial membrane and 
subsynovial tissues are examined. The presence of 1 to 3 leukocytes per field 
(X 900) was not considered abnormal unless found in most of the fields examined, 
or accompanied by perivascular accumulations in the subsynovial tissue.) 

Correlations of Synovial Fluid and Synovial Membrane Abnormali- 
ties. In order to obtain further information concerning the sig- 
nificance of the synovial fluid abnormalities, synovial tissue speci- 
mens were examined microscopically and the degree of cellular 
infiltration in representative oil immersion fields (X 900) was 
recorded. Note was made of the approximate number of neutrophils, 
mononuclears, lymphocytes, plasma cells and the presence or absence 
of perivascular inflammatory cell accumulations. The degree of 
inflammation present was recorded as none, minimal, moderate and 
severe. The synovial fluid findings, the clinical data and histologic 
studies presented in Table 2 were not compared with one another 
until the microscopic sections had been described. 
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Tissue specimens from both knees of 15 patients and one knee 
of 2 others were normal (see Table 2 and Figure 1). The tissue 
from the opposite knee joint of one of the latter cases (Case 17) 
was slightly abnormal, showing small collections of lymphocytes, 
plasma cells and macrophages in the synovial tissues. As can be 
seen from Table 2 and Chart 4 — 24 of the fluids obtained from these 
32 joints had normal total nucleated cell counts. Two of the remain- 
ing S had counts of 185 and 190 and in no instance did the counts 
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Chart 4. — Depicts the total synovial fluid nucleated cell counts of joints from 
which synovial tissue specimens were obtained. Normal human synovial fluids vary 
from 13 to 180, the average being 63 cells per c.mm. The synovial fluid and mem- 
brane abnormalities observed are readily apparent. 


exceed 400. Twenty-one of these 32 fluids had normal absolute 
neutrophil counts (see Table 2 and Chart 5), while the remaining 11 
varied from 24 to 234 neutrophils, the average being 109. Failure 
to remove adequate samples of synovial tissue may explain these 
slight discrepancies between fluid and tissue findings since often 
all portions are not equally involved by an inflammatory process. 
From these results it would appear that the synovial tissues may 
be expected to show little or no evidence of inflammation in those 
joints in which the total nucleated cell counts do not exceed 400. 
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Seventeen synovial tissue specimens showing microscopic evidence 
of inflammation were obtained from 9 (Cases 9, 12, 13, 15, 16, 17, 
20, 24 and 25) individuals. The following table presents in concise 
form the chief histologic, clinical, and synovial fluid findings in these 
cases. 
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Chart 5. — Shows the number of neutrophils in synovial fluids from joints having 
abnormal synovial tissues. Only 3 of the synovial fluids from joints having abnormal 
synovial tissues had normal absolute neutrophil counts (0 to 18 per c.mm., the 
average being 3). It will be seen that in 11 instances the neutrophils were increased 
yet the synovial tissues from these same joints were normal. 


Table 3. — Clinical, Synovial Fluid and Histologic Findings in the Cases 
With Abnormal Synovial Tissues. 


Degree of 
synovial tissue 
inflammation. 

No. of 
cases. 

Grade of 
infection ^ 

Total nucleated 
cell counts. 

Total neutrophils. 

present. 

Normal. 

Increased. 

Normal. 

Increased. 

Minimal . 

. o 

1 — none 

o 

0 

2 

3 

Moderate . 

. 6 

4 — minimal 

1 — moderate 

2 

4 

2 

4 

Severe . 

. G 

5 — severe 

3 — moderate 

0 

6 

0 

6 


Five specimens from Cases 9, 17 and 20 showed minimal inflam- 
matory changes, consisting of small scattered perivascular accumu- 
lations of lymphocytes and plasma cells as illustrated in Figure 2. 
Mononuclears and neutrophils were present in small numbers. 
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Tables 2 and 3 reveal that such slight perivascular accumulations 
may be accompanied by an increase in the synovial fluid neutrophils 
even though the total cell counts are normal. Very slight increases 
in the size and number of synovial villi were present in these sections. 

_ Six specimens obtained from cases of moderate and severe infec- 
tion (Cases 12 [left kneej, 13, 15 and 25 [left knee]) showed moderate 
inflammatory changes. Increased numbers of neutrophils, more 
evenly distributed than the other types of cells, were most frequent 
upon or within the synovial lining tissues. In addition, all types of 
inflammatory cells, diffusely scattered, and with less tendency to 
accumulate perivascularly, were present. As can be seen from 



Fig. 2. — Minimal inflammatory changes seen in the synovial tissues from the right 
knee of Case 9 (Group II, Table 2) . (Orig. mag. X 290.) Here, the small focal areas of 
lymphocytic infiltration are readily seen. These focal lesions presumably accounted 
for the slight cytologic changes observed in the fluid obtained from this joint (50 nu- 
cleated cells of which 25 were neutrophils). (Celloidin section stained with hema- 
toxylin-eosin.) 


Tables 2 and 3, two of the synovia] fluids in this group had both 
normal total nucleated and neutrophil counts. The synovial tissues 
from both knees of Case 15 showed the same degree of inflammatory 
change, yet the fluid from only the right was abnormal. 

Six other examples from cases exhibiting moderate or severe 
infection (Cases 12 [right knee], 16, 24 and 25 [right knee]) showed 
extensive inflammatory changes. The tissue specimens obtained 
from Case 24, dying with severe infection (perforated appendix, 
appendiceal abscess and hemolytic streptococcus septicemia), 
exhibited marked acute inflammatory reaction characterized by 
widespread infiltration of the synovial lining and subsynovial tissues 
(see Fig. 3). Neutrophils predominated but mononuclears and 
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lymphocytes were present. Numerous bacteria consistent with 
streptococci were seen. The synovial fluid nucleated cell counts in 
these two instances were 22,800 and 24,700 per c.mm., 96 and 94% 
of which were neutrophils. 

The four synovial tissue specimens removed from both knees of 
Case 16 and from the right knees of Cases 12 and 25 showed, in 
addition to slight diffuse and focal perivascular cell infiltration 
(Fig. 4), one or more sharply defined acute inflammatory lesions 
(Figs. 5 and 6), with marked infiltrations of neutrophils and mono- 
nuclears, fibrin deposition, and tissue necrosis. In 2 cases thrombosis 



Fig. 3. — Heavy infiltration of the synovial lining and subsynovial tissues with 
neutrophils. (Orig. mag. X 290.) A similar degree of acute inflammation was observed 
in the opposite joint. The total nucleated cell counts were 22,800 and 24,700 with 
96% and 94% neutrophils, respectively (Case 24, Group VI) . 


of arterioles was observed. One of these lesions was perivascular 
and deep in the subsynovial tissues (Fig. 5), the others were in the 
synovial lining and the adjacent subsynovial tissue (Fig. 6). These 
lesions were probably embolic in nature, although no microorganisms 
were seen. The nucleated cell counts on the fluids from these last 
4 joints varied from 830 to 1625; the absolute number of neutrophils 
ranged from 207 to 422. Microscopic edema was seen in the tissues 
from Cases 24 and 25. 

It is interesting that the tissues from the right knee of Case 12 
showed extensive inflammatory changes, whereas the specimen from 
the left knee showed only moderate change. The fluid from the 
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Fig. 4. — The synovial membrane over the infrapatellar fat pad of the right knee 
joint, showing numerous macrophages and neutrophils in perivascular areas and the 
synovial lining tissue. (Orig. mag. X 275.) This patient, dying of subacute bacterial 
endocarditis had embolic lesions in various organs. Several inflammatory lesions like 
the one shown in Figure 5 were observed near large arterioles deep in the subsynovial 
tissues (Case 16, Group III, Table 2). (Celloidon section, heroatovylin-cosin stain.) 



Fig. 5. — Another portion of the synovial membrane shown in Figure 4. This acute 
inflammatory lesion encircled a thrombosed arteriole. (Orig. mag. X 270.) 




SYNOVIAL FLUID AND SYNOVIAL MEMBRANE ABNORMALITIES 499 

right knee had total nucleated and absolute neutrophil counts of 
920 and 405 respectively, while the counts of the left were normal. 
Similar findings were observed in Case 25, where, however, the fluid 
from the knee betraying the more extensive inflammatory changes 
showed the less marked cytologic abnormalities. 



Fig. 6. — Sharply circumscribed acute inflammatory lesion in the synovial lining 
and subsynovial tissues from another patient dying of subacute bacterial endo- 
carditis. (Orig. mag. X 275.) The remaining portions of the synovial membranes 
removed from the two knee joints revealed only slight perivascular infiltration in 
the subsynovial tissues. Synovial fluid studies revealed an increase in total number 
of nucleated cells and also in the percentage of neutrophils. (See Case 25, Group VI, 
Table 2.) 


Discussion. From the data presented, it is apparent that in the 
presence of local and generalized edema the amount of synovial 
fluid contained in a joint may be increased. The more marked the 
edema, whatever its cause, the greater is the synovial fluid content. 
This finding suggests that such increased formation of synovial 
fluid occurs where there exists a quantitative imbalance of the 
normal factors controlling the formation and absorption of inter- 
stitial fluid,® namely, the colloidal osmotic pressure of the plasma, 
capillary and tissue pressures and capillary permeability. Synovial 
fluid specimens from edematous patients were paler and contained 
fewer cells than the normal. The total solids, viscosity, protein 
and mucin content of such fluids were lower than normal, 9 signifying 
that the increased amount of synovial fluid was due to an increased 
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transudation of plasma water, low in protein content. These 
results are consistent with our previous contention- 8 that synovial 
fluid is a dialysate of plasma water containing mucin, which is 
added as the plasma water diffuses through the synovial tissues 
into the joint from the underlying blood-vessels. The evidence to 
date =- 8 is in keeping with the concept that mucin is formed by the 
functionally specialized mesenchymal tissues surrounding the joint 
cavity. Finding a lowered synovial fluid mucin content as a result 
of increased transudation into the joint implies that the rate of 
formation of mucin under such conditions is not so accelerated as 
the rate of transudation of water. 

In other instances, the increased synovial fluid contents were the 
result of inflammatory exudation. In still others, both transudation 
and exudation seemed to participate, and it was impossible to ascribe 
the exact role. 

From the results of the present study, it is apparent that the > 
synovial fluid cytology is frequently altered in patients dying with 
infection. The synovial fluid cytologic abnormalities found in such 
cases are increased total nucleated cell and absolute neutrophil 
counts. Again it was found that elevation of the white cell count 
in the blood-stream is not, as such, reflected in the synovial fluid. 
The synovial fluid of patients dying with mild infections, of the 
type herein described, may show an increase in the absolute neutro- 
phil count as the only evidence of existing synovial tissue inflamma- 
tion. The fluid of an occasional patient with absent or only minimal 
clinical signs of infection evinced cytologic changes of inflammation 
in greater degree than would have been expected from the clinical 
observations. Since terminal septicemias occur frequently in mori- 
bund patients, it is not surprising to find such exceptions. 4 • 6 ’ 7,11 

The interpretation of the significance of the synovial fluid abnor- 
malities was facilitated greatly by examination of tissue specimens 
from the same joints. Occasionally the synovial tissues showed 
inflammatory changes although the corresponding synovial fluid 
cytology was normal. In such instances, the inflammatory focus 
was situated deep in the subsynovial tissues, suggesting that synovial 
fluid cytologic alterations resulting from infection are dependent 
not only upon the severity of the lesion but also on its proximity 
to the articular cavity. Absence of inflammatory changes in the 
synovial tissue specimens from joints exhibiting marked cytologic 
changes probably represents failure on our part to obtain an ade- 
quate sample of synovial tissue. As can be seen from Charts 4 and 5, 
an increase in the absolute neutrophil count is apparently a more 
sensitive index of inflammation of the articular tissues than is an 
increase in the total nucleated cell count. A total cell count of 
more than 400 probably indicates the presence of recognizable 
inflammation of the articular tissues. Such information should be 
of aid in the interpretation of pathologic joint effusions and allow 
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one to predict the extent and severity of the synovial tissue inflam- 
matory lesion. 

The severest synovial tissue inflammatory reactions and the 
most marked cytologic abnormalities were observed in patients 
dying with proved septicemias. In such cases, microscopic examina- 
tion of the synovial tissues revealed occasional miliary abscesses 
containing organisms or inflammatory changes in and about throm- 
bosed blood-vessels. Such inflammatory reactions serve as evidence 
that synovial membrane inflammation is the result of blood-borne 
infections. 

In most cases the inflammatory changes in the subsynovial tissues 
were minimal and some distance from the joint cavity. Many of 
these lesions would probably have resolved completely in a relatively 
short period of time had the patients lived. This type of synovial 
tissue reaction would explain the transient aches and pains that 
occur during the course of acute infectious diseases with associated 
temporary bacteremia. Indeed, it is surprising that joint infections 
are not encountered more frequently under such circumstances, a 
fact which suggests that the tissues surrounding the joint posssess 
high resistance to infection. The occurrence and degree of joint 
infection appear to depend more upon the adequacy of the normal 
defense mechanisms in the synovial tissues and the severity of the 
infection than the type of infective organism. The most marked 
joint reactions observed in this study would probably have been 
recognized as specific infectious or septic arthritis had the patients 
not been moribund. 

Conclusions. From a study of 156 postmortem synovial fluids 
and 49 synovial tissue specimens obtained from individuals dying 
with varying degrees of infection and edema, the following con- 
clusions can be drawn: 

1. The amount of synovial fluid in the knee joints of individuals 
with peripheral edema is usually increased. 

2. The synovial fluid obtained from the joints of edematous 
patients contains fewer nucleated cells than does normal fluid and 
its total solids, viscosity, protein and mucin contents are reduced. 

3. The total nucleated cell counts and the absolute number of 
neutrophils in synovial fluid specimens obtained from patients 
dying with varying degrees of infection are frequently increased. 
The most marked cytologic abnormalities are observed in patients 
dying with severe infections and associated septicemias. 

4. An increase in the absolute number of neutrophils is a more 
reliable indication of the existence of synovial tissue inflammation 
than are increased total nucleated cell counts or random biopsies. 

5. The synovial fluid abnormalities resulting from synovial tissue 
infections vary with the severity of the synovial lesion and its 
proximity to the joint space. 

6.. The results of the present study suggest that the joint aches 
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and pains occurring in various infectious diseases may be the result 
of synovial tissue inflammatory changes caused by blood-borne 
infections. The majority of such inflammatory lesions are pre- 
sumably mild in nature and therefore resolve readily. The marked 
synovial tissue reactions observed in patients dying with septicemia 
are of the type observed in early cases of specific infectious or septic 
arthritis. 
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STUDIES OF THE B VITAMINS IN THE HUMAN SUBJECT.* 

I. The Intake of Thiamine and its Relation to Other Dietary 
Constituents in food Selected by the Normal subject. 

By Iv. O’Shea Elsom, M.D., 

ASSOCIATE IN MEDICINE, UNIVERSITY OF PENNSYLVANIA MEDICAL SCHOOL; RESEARCH 
FELLOW, PHILADELPHIA GENERAL HOSPITAL, 

AND 

Thomas E. Machella, M.D., 

INSTRUCTOR IN MEDICINE AND IN PHYSIOLOGY, UNIVERSITY OF PENNSYLVANIA MEDICAL 

school; research fellow, Philadelphia general hospital, 

PHILADELPHIA, PA. 

The purpose of this study was to determine the actual thiamine 
intake of a group of normal persons who were permitted to select 
from an adequate available diet the amount and type of food which 
they desired. Such information, it was thought, would indicate to 
what extent the food chosen under such circumstances contains the 
amount of the vitamin regarded as necessary to meet bodily needs, 
to what extent individual preference determines the amount ingested 
and to what extent the amount normally selected by the individual 
varies from day to day. 

* Under this title will appear serially in this Journal several articles from the 
Thompson Vitamin Clinic of the Philadelphia General Hospital. This Clinic, spon- 
sored by the Gastro-Intestinal Section (Kinsey-Thomas Foundation) of the Medical 
Clinic, University of Pennsylvania Hospital, and by the Philadelphia General Hospital, 
is generously supported by Mrs. Arthur W. Thompson. The work is being supervised 
by an advisory committee, consisting of Drs. Truman G. Schnabel. William G. 
Turnbull, J. H. Clark, Walter G. Karr, George Wilson and T. Grier Miller, and the 
chemical studies are being carried out under the supervision of Dr. John G. Rcinholu, 
Chief of the Division of Biochemistry of the Philadelphia General Hospital. Miss 
L. M. Johnson and Miss Elizabeth Miller, respectively Directress of Nurses and 
Dietitian of the Philadelphia General Hospital, have cooperated. The vitamin 
preparations, except when otherwise noted, have been supplied by Merck & Co. 
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It was found in a selected group that the thiamine intake exceeded 
the theoretical requirement in most instances, but varied greatly 
among individuals and in the same persons from day to day; that 
the consumption of protein and of thiamine were directly related, 
and that some correlation existed between the intake of fat and of 
thiamine, whereas no correlation was demonstrable between the 
thiamine, on the one hand, and the total caloric or carbohydrate 
intake, on the other. 


Methods. Seven women, essentially normal and resident in the Vitamin 
Ward of the Philadelphia General Hospital, were permitted to select from 
an adequate diet the type and quantity of food which they desired for 
periods of from 15 to 39 days. All of the food was carefully weighed. The 
total daily intake of thiamine was calculated from the Cowgill tables, 5 
and also from figures compiled by Williams and Spies. 26 Corroboration 
of the calculated values was obtained by chemical analysis of daily diets 
on 3 occasions, using a modification of the thiochrome method of Hennessy 
and Cerecedo 16 and Hennessy 14 as described elsewhere. 9 The protein, fat, 
carbohydrate and caloric values were obtained from standard tables. 3 The 
theoretical thiamine requirement for each individual was calculated in 

micrograms of thiamine according to the Cowgill formula, 5 = 

0.0000284 W gm. x 0.166, using the average caloric intake and average body 
weight during the time of observation. The subjects were weighed daily 
under standard conditions and were observed closely for the development 
of symptoms and abnormal physical signs. The fluid intake was maintained 
at 1500 cc., and 24-hour collections of urine were obtained. Analyses for 
the thiamine in' the urine were made by the same method as for the food 
and will be reported in another communication. 9 


Table 1. — Thiamine Requirements and Intake on Self-selected Diet. 


Theoretical Av. daily 


Subject. 

Length of 
observation 
(days.) 

Age 

(years). 

Average requirement 

body weight* for thiamine 
(fcg.). Gig). 

intake of 
thiamine 

(ws->- 

1 . . 

.... 30 

64 

57 5 

524 

663 

2 . . 

.... 30 

65 

59 0 

503 

691 

3 . . 

.... 30 

38 

78 0 

715 

760 

4 . . 

. ... 30 

52 

65 0 

610 

784 

5 . . 

.... 30 

52 

43 0 

380 

817 

6 

. . . . 15 

36 

71 7 

646 

842 

7 . . 

.... 39 

45 

54 3 

574 

973 

Average . 

.... 25 

50 

60 0 

565 

789 


* Subjects 3 and 6 lost 1.3 and 0.8 kg. respectively; the others either maintained 
or gained weight. The group as a whole gained 0.5 kg. 


Results. 1 . Thiamine Intake in Relation to Theoretical Require- 
ment. The average daily intake of thiamine by the entire group 
was 789 Mg., while the average theoretical requirement was 565 Mg- 
(Table 1). The intake thus exceeded the requirement by 40% in 
the group as a whole. The individual variation in this respect, 
however, was great. For example, Subject 3 exceeded her need 
for the vitamin by only 6% (Chart 1), and for approximately one- 
half the period of observation failed to consume the required 
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amount. . Likewise, Subject 1, whose average intake was 26% above 
her requirement, failed to obtain an adequate amount for one- 
quarter of the period. At the other extreme, Subject 5 exceeded 
her theoretical requirement by 115% and never failed to consume 
less than 40% above that amount. Thus it is apparent that indi- 
vidual food habits are an important determining factor in the 
margin of safety maintained with respect to thiamine intake. 



Chaht 1. — Average daily intake of thiamine as per cent of requirement for each 

member of the group. 

The subjects with a minimal intake showed clinical evidence of 
a thiamine deficiency during the time that the food selected by 
them was below their requirement. Thus Subject 1, who was 
known to have taken a borderline diet prior to admission to 
the hospital, complained of easy fatigability, heartburn, epigastric 
distress and pains in the extremities and showed tenderness to 
pressure over her peripheral nerves and edema. These symptoms 
and signs regressed when the intake of thiamine was adequate. 
Subject 3, whose inadequate selection of foods was of shorter 
duration, developed the phenomena of deficiency later than Sub- 
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ject 1. These observations, together with the fact that at no time 
did the other 5 subjects show any evidence of deficiency tend to 
confirm the accuracy of the calculations of theoretical requirement. 

Table 2 .— Food Selected by Subjects 1 and 5 , October 6 , 1940 . 


Article. 

Subject 1. 

Subject 5. 

Wt. 

(gm.). 

Prot. 

(gm.). 

Fat 

(gm.). 

Carb. 

(gm.). 

Cal. 

Thia- 

mine 

(pg.). 

Wt. 

(gm.). 

Prot. 

(gm.). 

Fat 

(gm.). 

Carb. 

(gm.). 

Cal. 

Thia- 

mine 

(pg.). 

Breakfast: 













Egg ... . 

50 

7 

5 


75 

48 

50 

7 

5 


75 

48 

Cream of Wheat . 

160 

3 


24 

116 

16 







Bread .... 

11 

1 


6 

29 

5 

33 

3 


17 

86 

13 

Milk .... 

.. 






150 

5 

6 

. 8 

■01,1 

81 

Lunch: 













Ham (boiled) 

99 

18 

5 


149 

197 

99 

18 

5 


149 

197 

Potatoes (boiled). 

100 

3 


25 

110 

67 

■Ti» 

3 


25 


67 

Peas . . . 

60 

2 


6 

30 

78 

60 

2 


6 


78 

Bread .... 







22 

2 


11 

57 

9 

Butter . . . 

12 


mm 


96 

16 

12 


10 


96 

16 

Custard . . . 

75 

3 

Kfl 

9 

83 

48 

75 

3 

4 

9 

83 

48 

Milk .... 







150 

5 

6 

8 

105 

81 

Supper: 













Pea soup . . . 

150 


2 

15 

135 

81 

75 

4 

1 

8 

68 

41 

Frankfurter . . 







■Kil 

23 

22 

1 

312 

334 

Bread .... 

22 

■ 


ii 

57 

9 

44 

4 

1 

23 

114 

18 

Butter . . . 

0 

■ 

5 


48 

8 

12 


10 


96 

16 

Milk .... 







180 

6 

7 

9 

126 

97 

Sugar (total) . . 

74 



74 

289 


2 



2 

8 


Total .... 


46 

31 

170 



■ 

85 

77 

127 

1620 

1144 


No correlation between the individual theoretical requirement for 
thiamine and its intake was observed. For example, Subject 5 
had the lowest requirement, but her average intake was greater 
than that of any but two of the group (Table 1). This is further 
strikingly demonstrated by the daily records of thiamine intake by 
Subjects 1 and 5 (Chart 2). It will be noted that the individual 
with the lower requirement consistently selected food of greater 
thiamine content. For example, on the first day of observation 
Subject 1, whose requirement was 524 jug., obtained 573 jug. from 
the available diet, while Subject 5, whose requirement was 380 ng., 
obtained 1144 ng. Analysis of the food intake on that day (Table 2) 
shows that, whereas the higher intake of thiamine was associated 
with a greater total number of calories, the difference could not be 
explained entirely by this fact, but was the result of a greater 
preference on the part of this subject for foods rich in thiamine. 
Thus it would appear that food habits rather than needs determined 
the level of thiamine intake in this group. 

2. Daily Variation in Thiamine Intake. In addition to the wide 
divergence in intake between the several members of the group, a 
large variation occurred from day to day in each individual. Two 
factors appeared to be responsible for this. Firstly, differences in 
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the thiamine content of the available food produced fluctuations 
m intake. For example, on a given day when pork, which is rich 
m the vitamin, was included in the diet, a sharp rise in the thiamine 
intake was observable for each member of the group. Secondly 
individual food habits modified the intake, depending upon the 
individual’s like or dislike for certain articles of the diet. The 
magnitude of this individual variation was greatest in Subject 5, 
whose intake on one day exceeded the mean by 72% and on another 
fell below it by 60%. At the other extreme was Subject 1 who 
never departed from the mean intake by more than 50%. It is 
scarcely surprising therefore to find in the literature 2 - 3 4 - 18 ’ 21 - 21 evidence 
of wide fluctuations in thiamine output among normal persons. 
Such figures are without great significance unless they are considered 
in relation to the thiamine intake which our observations prove 
fluctuate widely. 



» '3 3 io u » j o »ii to to to 

0 a rS DATS 


Chart 2. — Daily intake of thiamine in relation to requirement for Subjects 1 and 5. 


3. The Relation of Thiamine Intake to That of Other Dietary Con- 
stituents. A linear relationship existed between the daily intake 
of protein and of thiamine (Chart 3). This relationship, found to 
be statistically valid, existed for the group as a whole as well as for 
each individual member.* This was not, as might at first appear, 

* We arc indebted to Dr. E. D. Burdick for making the statistical calculations. to 
prove the validity of this relationship. The coefficient of correlation was 0.72S 
calculated by the formula: 

XXXV - (XX) (XV) 

V[XXX- - (XX) 5 ) [XXY 5 - (XY) : j 

The variance around the regression line -was 19.11 ns calculated by the formula: 





Chart 3. — Protein in relation to thiamine in food selected by the group. Each 
point in the diagram represents the total protein and thiamine consumed by each 
individual during each day. 



Chart 4. — The thiamine-protein ratio 01 me different foods and of the total 
food consumed by Subject 6 for ench of 7 days. The enclosed points indicate the 
thiamine-protein ratio of the total food consumed each day. ( 507 ) 
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s imply an expression of the fact that protein foods by and large 
are rich in thiamine. Analysis of foods making up the diet shows 
that some foods, such as noodles, rice and cheese, provide a large 
amount of protein but a small amount of thiamine. Conversely, 
milk, apricots, pork, potatoes, oatmeal, raw cabbage, liver and 
Ralston cereal fortified with wheat germ, appearing often in the 
diet, are proportionally richer in thiamine than in protein. Thus 
great variability in the thiamine-protein ratio existed for individual 
foods, while it was constant for the total food consumption on each 
day (Chart 4). Hence a linear relationship between thiamine and 
protein need not necessarily have existed. When, however, the 
subject was given a free choice of protein foods, a mixture was 



THIAMINE Ml) (SPIES) 

Chart 5. — Fat in relation to thiamine in food selected by the group. The values 
for thiamine used in preparation of this figure were those given by Williams and 
Spies . 56 No thiamine value for fat is included in these values and therefore the 
positive correlation between fat and thiamine here demonstrated is independent of 
the relationship inherent in the Con-gill figures where thiamine values are assigned 
to fat on the basis of the known thiamine-sparing action of fat. 

selected which provided a fairly constant ratio of protein to thiamine 
and resulted in the linear relationship described.* Whether this 
relationship obtains in a deficiency-producing diet is a subject that 
deserves separate study. 

* It is probable, also, that a similar relationship existed between protein and other 
members of the B complex in this diet. However, figures for the concentration of 
these substances in foods are not sufficiently complete to permit calculation of the 
dietary content. 
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A positive correlation, though less definite than in the case of 
protein, was observed between the consumption of fat and of 
thiamine (Chart 5). No such correlation, however, was observed 



100 400 700 1000 1300 1600 

THIAMINE - MICROGRAMS 

Chart 6. — Carbohydrate in relation to thiamine in food selected by the group. 



Chart t . — Caloric intake in relation to thiamine in food selected by the group. 
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between daily carbohydrate and thiamine (Chart 6) or between 
total daily caloric and thiamine intake (Chart 7). 

Discussion. The widely different amount of thiamine obtained 
from the same available food b 3 r these subjects demonstrates clearly 
that the adequacy of the vitamin intake cannot be determined 
alone from a knowledge of its content in the available food. That 
a vitamin deficiency may develop even in the presence of an adequate 
food supply and that this deficiency may be determined primarily 
by individual food habits are demonstrated by the failure, on fre- 
quent occasions, of two of the subjects to meet their needs for thia- 
mine while other members of the group, living under identical 
conditions, obtained amounts which greatly exceeded their require- 
ment. This observation may explain also the seemingly puzzling 
fact that deficiency disease often afflicts only one or two members 
of a household in which the remainder are healthy. 

The food consumed by these subjects was inexpensive, costing 
approximately .$2.80 per week per person as purchased from the 
usual retail sources. That it supplied thiamine in more than an 
adequate amount for any normal person is demonstrated by the 
fact that one subject obtained from it an average of 973 ng. which 
is an amount sufficient to -meet the theoretical requirement of an 
individual weighing 181 pounds. 5 Stiebeling and Phipard 23 have 
recently reported that a weekly expenditure of 83.50 to S3. 12 for 
food in the North Atlantic States resulted in poor diets in 53% of 
the cases while others 16,23 have likewise suggested that the diet of 
the average American in the low income group is borderline with 
respect to thiamine. That such observations based only on several 
surveys of available food, are at variance with our objective idea 
on individual subjects tends further to emphasize the fact that, 
except in grossly limited diets, the adequacy or inadequacy of a 
given diet can be determined only by a careful analysis of food 
intake by the individual in relation to his requirement. 

Whether the quantitative relationship between protein and 
thiamine which existed in the food consumed by these normal 
subjects is an essential of a normal diet requires further study. 
That such a quantitative relationship between dietary factors may 
be of importance has recently been demonstrated in the case of 
cystine and choline. lla,6,c,d There is evidence also that the ability 
to utilize protein is dependent on the presence in the diet of a pro- 
portionate amount of the vitamin B complex. Thus in 1924 Hart- 
well 12 ® and later Reader and Drummond 20 and others 6, 125,13 found 
that when the protein was increased out of proportion to the 13 
complex in the diets of young rats growth was curtailed. The 
component of the vitamin B complex concerned in this response 
has not been identified. 10,10 In humans, observations bearing on 
the relationship of the B vitamins to nitrogen metabolism arc few. 
Elsom, Dickey and Chornock, 5 studying the absorption of nitrogen 
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in subjects with ulcerative colitis, could find no correlation between 
clinical evidence of vitamin deficiency and decreased nitrogen 
absorption. On the other hand, one of us, 7a studying a human sub- 
ject maintained under constant conditions of experimental B 
complex deficiency, observed a positive nitrogen balance coincident 
with gain in body weight following addition of yeast to the diet. 
On another occasion 76 urinary nitrogen excretion was found decreased 
during B complex deficiency. 

The quantitative relationship between fat and thiamine in these 
diets recalls the work of Whipple and Church 25 and more recently 
of McHenry and Gavin 17 and others 1 who have suggested that 
thiamine is concerned in the metabolism of fat. 

Summary. 1. Seven subjects, maintained under controlled con- 
ditions, were given access to an adequate diet from which they 
selected the type and quantity of food desired. 

2. The average daily intake of thiamine exceeded the theoretical 
requirement for that vitamin by 40% for the group as a whole, 
but the individual intake ranged from 6 to 115% above the require- 
ment. In addition to a wide divergence of thiamine intake among 
the several members of the group, a large variation occurred from 
day to day in the same individual. 

3. Individual food habits appeared to be an important determin- 
ing factor in the margin of safety maintained with respect to the 
thiamine in the diet. 

4. A linear relationship existed between the daily intake of 
protein and of thiamine, both for the group as a whole and for each 
individual. This relationship resulted from the selection of foods 
of both high and low protein content in such a proportion as to 
produce a fairly constant ratio, but one that did not pertain to the 
individual foods consumed. 

5. A positive correlation, of lesser degree than that between the 
protein and the thiamine, was observed between the fat and the 
thiamine content of the diet. No correlation existed between the 
carbohydrate and the thiamine or between the calorie intake and 
the thiamine of the diet. 

We wish to express our appreciation of the faithful nursing care rendered by 
Misses Ruth Conrad, Ruth Kruger, Elizabeth Villella and Ruth Jett; of the assistance 
with the diets given by Miss Alice Knudsen, and of the secretarial assistance provided 
by Miss Ellen Jones. 
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The influence of hepatic disease on the excretion of thiamine in 
the urine has not been definitely ascertained. The concept of its 
phosphorylation in the liver, as based on the studies of Ochoa and 
Peters" and of Westenbrink and Goudsmit, lla has led to the opinion 
that there should occur a greater urinary excretion of the vitamin 
in liver disease, and this idea has been supported by Borson, 1 who 
noted an unusually high excretion in 3 patients with hepatic cirrhosis 
following the administration of daily test doses. On the contrary, 
Robinson, Melnick and Field 8 found low values for its urinary 
excretion in 3 patients with hepatic disease following the administra- 
tion of a single test dose. They attributed this to a previous sub- 
optimal intake in their patients. In an attempt to obtain more 
data on the problem, we have made simultaneous observations on 
subjects with and without hepatic disease while on a basal diet 
and while on such a diet supplemented with small additional 
amounts of thiamine chloride orally administered. 

* Presented before the American Federation of Societies for Clinical Research, 
May 5, 1941, at Atlantic City, N. J. 
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Procedure. Three of the 6 female subjects in the vitamin ward of the 
Philadelphia General Hospital, who were used for this study, had clinical 
and laboratory* evidence of chronic hepatic disease; the remaining 3 had 
no such disease and were used as controls. All had satisfactory renal func- 
tion as judged by the standard urea clearance test, and none had any signs 
of a B-complex deficiency. 

The thiamine requirement for each subject was calculated from Cowgill’s 1 
formula, and this amount together with an adequate number of calories 
and the other essentials were included in a basal diet. After a preliminary 
observation period of about 2 weeks, during which they were allowed access 
to as much of the house diet as they wished, the subjects were placed on the 
basal diet for 16 to 37 days, and later it was supplemented with varying 
amounts of additional thiamine, to as much as 1000 jug. daily. The total 
daily fluid intake was limited to 1500 cc., and 24-hour urine specimens were 
collected. The urine, as voided, was placed in individual bottles kept in a 
refrigerator, glacial acetic acid being added to prevent decomposition of the 
thiamine. The amount of thiamine in each 24-hour specimen was deter- 
mined by a modification of the thiochrome method of Hennessy and 
Cerecedo 5 to be described in another paper. 2 3 * 

Results. 1 . Excretion on the Basal Diet. No significant differ- 
ence was observed in the percentage of the thiamine excreted in 
the urine by the patients with hepatic disease and by the controls 
while on the basal diet, all 6 excreting 6.5 to 8.7 % of the amount 
ingested (Table 1). 

Table 1. -—Urinary Excretion of Thiamine. 

On basal diet 

On basal diet. plus added thiamine. 



Case. 


Average 

daily 

thiamine 

intake 

{mb-)- 

Average 

daily 

urinary 

excretion 

(%). 

Average 

daily 

thiamine 

intake 

{mB-). 

Average 

daily 

urinary 

excretion 

(%>. 

1 . 

Laennec’s cirrhosis 

(F.R.) 

715 

8.7 

(4.0-13.5) 

1752 

14.3 

(3.3-27.2) 


Control (A.T.) . 


527 

6.5 

(4. 0-7. 8) 

1532 

17.4 

(7.5-26.0) 

2. 

Banti’s syndrome (A.H.) . 

052 

(6.1-14.2) 

1641 

13.8 

(10.0-16.5) 


Control (M.H.) 

. . . 

422 


1459 

20.4 

(14.8-25.2) 

3. 

Banti’s syndrome 
(Post-splenectomy) 

(S.L.) ' 

651 

7.2 

(4.0-10.1) 

1651 

20.7 

(18.8-22.0) 


Control (J.Z.) 


706 

«2iU 

1655 

26.5 

(23.2-30.0) 


Average total daily thiamine intake and percentage of this excreted in the urine 
while on basal diet and when such a diet was supplemented with 1000 pg. of thiamine 
daily by mouth. Figures in parenthesis represent range of excretion. 


2 . Excretion on the Basal Diet Svpjjlcmcnted with Thiamine. 
A. A patient with Laennec’s cirrhosis and her control were given 

by mouth 1000 jug. of thiamine chloridef daily in addition to the 
basal diet for a period of 14 days. The excretion of the patient with 
the liver damage rose less rapidly and to a lower level than did 

* An elevated icteric index, retention of bromsulphalein and impairment of 
hippuric acid synthesis. 

t Generously supplied by Merck & Co., Rahway, N. J. 
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that of the control. The average percentage excretion for the 14-day 
period was 17.4% for the control and 14.3% for the cirrhotic. 



output of a patient with Banti’s synch ome and of her control. 


B. To a patient with Banti’s syndrome and to her control the 
supplements of thiamine were added in increments gradually increas- 
ing until 1000 ng. were being administered daily. In this instance 
also the excretion of the patient with the damaged liver lagged 
behind and did not reach the height of the control. When 1000 /ig. 



Chart 2. — Daily thiamine intake and urinary’ excretion of a patient with a po«t- 
splenectomy Banti’s disease and of her control. 


daily were being added, the patient with hepatic disease excreted 
an average of 13.8% of the ingested thiamine as compared to 20.4% 
for the control. Furthermore, the total volume of the urine excreted 
daily over the entire period bore no relationship to the percentage 
of the thiamine excreted (Chart 1). 
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C. To a patient with postsplenectomy B anti’s syndrome and to 
her control the supplements were given in smaller increments in 
order to determine whether or not a slow increase in the thiamine 
intake would dispel the difference in excretion observed in the 
previous experiments. Though no lag in the excretion for the sub- 
ject with liver disease occurred, the level of excretion was persistently 
lower than in the control. When each subject received a daily 
supplement of 1000 jug., the patient with the damaged liver excreted 
on the average 20.7% of the ingested thiamine while the control 
excreted 26.5% (Chart 2, Table 1). 

Comment. These data indicate that when supplements of thia- 
mine, up to 1000 jug. daily, were added to the basal diet the patients 
with hepatic disease excreted less than did the controls. Such 
observations are not in accord with the claim 1 that, because phos- 
phorylation of thiamine occurs in the liver, the urinary excretion 
of ingested thiamine should be higher in the ’subjects whose livers 
are damaged. It must be admitted, however, that, providing its 
absorption in the intestinal tract is not impaired, the amount of 
thiamine phosphorylated may be determined by the type and 
extent of liver damage. 

The following possibilities in explanation of the lessened excretion 
in our hepatic cases are suggested : 

1. Disturbed, Renal Function. That this was not the important 
factor in our subjects is indicated by the satisfactory urea clearance 
in each of them. Furthermore, daily determinations of the volume 
and the specific gravity of the urine showed no significant deviations. 

2. Previous State of Tissue Unsaturation. The patients with 
liver disease received a B-complex preparation prior to their becom- 
ing the subjects for our study. Furthermore, while in the vitamin 
ward, they ingested from 600 to 1500 jug. of thiamine contained in 
food per day for at least a month before receiving the supplements 
of thiamine and during that time the urinary excretion of thiamine 
was within normal range. Thus a previous state of unsaturation 
cannot be claimed as being responsible for the decreased level of 
excretion in the subjects with hepatic disease. 

3. Absorption from the Intestinal T rad. An impairment of absorp- 
tion from the intestinal tract must be seriously considered, since 
all 3 of the liver cases had clinical evidence of portal back pressure. 
Such a factor is known to impair the absorption of substances which 
are transferred across the intestinal wall by diffusion, and it has 
recently been shown by Stockholm et al. 10 that, in rats, thiamine 
is so absorbed. Furthermore, using very high test doses of thiamine, 
Westenbrink and Goudsmit 116 and also Borson 1 observed that, 
following oral administration, unlike parenteral administration, the 
percentage of thiamine excreted in the urine varies inversely with 
the size of the dose administered. This unabsorbed thiamine appears 
in the feces, as has been demonstrated by Leong, 6 Shultz et al? as 
well as in our clinic. 4 Further studies using an intestinal intubation 
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technique which we have planned, are necessary to settle this 
matter finally. 

Summary. On a basal diet no essential difference occurred in 
the percentage of ingested thiamine excreted in the urine of patients 
with hepatic disease and in that of control subjects. When such a 
basal diet was supplemented with thiamine, not over 1000 jug., the 
patients with liver disease excreted less. The possibility is discussed 
that an impairment of intestinal absorption in our patients with 
hepatic disease, consequent upon portal back pressure, accounts for 
this difference. 
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circulation have improved steadily, so that the values obtained by 
rather different proceduresbnow corroborate one another. Although 
the absolute magnitude of these figures is still open to question, 
the reliability of the methods now available justifies a qualitative 
study of different iodine fractions in the blood. In previous studies 
from this laboratory the thyroidal activity of iodoproteins has been 
desfcribed . 100 ' 5 1246 It is the purpose of this communication to describe 
certain protein-bound iodine fractions which may be separated from 
human and animal blood. 

In 1900 Gley and Bourcet 6 studied the iodine present in amounts 
of dog plasma as large as 1 liter. They found an average value of 
5 jug. per 100 cc. and upon dialysis they were able to remove only 
a negligible portion of the total iodine. They concluded, therefore, 
that the naturally occurring iodine in the plasma is bound to protein. 
Since then, numerous other approaches to this problem have been 
made, of which it is possible to cite here only a few examples. A 
more detailed review has been published elsewhere. 15 Bier and 
Roman 2 dialyzed ox serum for 10 days and were able by this pro- 
cedure to remove only about one-fourth of the iodine present. 
Similarly, Leipert 8 found that ultrafiltrates of horse serum yielded 
less than half of the iodine in the filtrate. More recently, Trevor- 
row 20 found that the major portion of the plasma iodine was pre- 
cipitated with the plasma proteins either by heat coagulation with 
acetic acid 1 or by precipitation with zinc sulphate and sodium 
hydroxide. 19 Although a great deal of work reported in the literature 
has to do with the use of organic solvents, e. g., alcohol or acetone, 
to remove protein-bound iodine, it should be emphasized that this 
method has not been employed in the present observations because 
organic solvents yield variable results according to the details of 
the procedure followed. This problem has been discussed in detail 
elsewhere. 16 

General Methods. Collection of Blood. Wien fresh blood was drawn, 
extreme care was exercised to prevent contamination with iodine througli 
the use of chemically clean, iodine-free glassware and blood anticoagulant 
(potassium oxalate or heparin) . 

Determination of Iodine. Two methods were used to determine total 
iodine in the different fractions. These were (a) the ajration procedure of 
Fashena and Trevorrow 5 following oxidation with dichromate; and ( b ) the 
distillation method of Riggs and Man 1,1 following oxidation with perman- 
ganate. The two series of values coincided so closely that no distinct 
difference could be discerned. 

The data presented in this communication concern mainly the plasma; 
whole blood was avoided because the distribution ratio of “hormonal” 
iodine between the intra- and extra-corpuscular protein components of 
whole blood is still disputed. Preliminary experiments with heat coagu- 
lation yielded results which are summarized in Table. 1 The whole blood 
was laked and the protein components separated as follows: The plasma 
proteins were precipitated by heat at pH 5.3 and the hemoglobin by heat 
at pH 6.6; the iodine bound to each protein fraction was then determined. 
The separated plasma was analyzed as described later. From the hematocrit 
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values given in Table 1, the protein-bound iodine content of the erythro- 
cytes may be calculated if desired. The problem of the natural iodine 
content of red cells, however, is still under discussion. 7 - 13 Nevertheless the 
results in the table demonstrate that over a considerable range of physio- 
logical thyroid activity the use of plasma gives a wider spread in iodine 
values and thus affords a greater sensitivity of the chemical method. These 
data are not presented, therefore, as the final solution to the question of 
intracorpuscular iodine. Rather, they constitute a valid reason for avoiding 
the use of whole blood when the present technique is employed. 

Table 1. Protein-bound “P” Iodine in Whole Blood and Plasma. 

Blood iodine. 


Case 

No. 

Sex. 

Age. 

B.M.R. 

Hemato- 

crit. 

■Whole 
blood 
eB. per 
100 cc. 

Plasma, 
MS- per 
100 cc. 

Ratio 

plasma/ 

■whole 

blood. 




Myxedema. 




4 . 

. M 

42 

-32 

41.6 

3 

3 

0.9 

3 . 

. F 

41 

-37 

35.4 

3 

2 

0.6 

1 . 

. F 

44 

-45 

33.0 

2 

2 

0.9 

7 . 

. F 

73 

-42 



2 


6 . 

. F 

55 

-18 



1 


11 . 

. F 

62 

-21 



2 



Average 


-33 

•• 

3 

2 

0.8 




Euthyroidism. 




109 . 

. M 

19 

-9 

40.1 

5 

6 

1.1 

82 . 

. F 

31 

+21? 

44.9 

6 

5 

0.9 

99 . 

. F 

41 

+36 

49.8 

6 

6 

1.0 

101 . 

. F 

25 

0 

40.4 

6 

5 

0.9 

107 . 

. M 

52 

-3 

48.6 

5 

5 

1.0 


Average 


+2 


6 

5 

1.0 




Hyperthyroidism 




41 . 

. F 

59 

+36 

43.6 

9 

11 

1.3 

39 . 

. M 

19 

+45 

42.5 

9 

12 

1.3 

34 . 

. F 

31 

+50 

42.8 

9 

11 

1.3 

A.M.* . 

. F 

47 

+61 

39.0 

8 

13 

1.7 


Average 


+48 


9 * 

12 

1.4 


* B.C.H. No. 9S1559. 

Iodine Distribution in Plasma: Separation of Inorganic (“I”) from 
Protein-bound (“ P ”) Iodine. Plasma was separated by centrifugation 
shortly after the blood was drawn and treated as follows: . 

One volume of plasma (usually 10 cc.) was added dropwise with constant 
stirring to a 50 cc. centrifuge tube containing 3 volumes of 0.02 normal 
acetic acid. The tube was placed in a water bath which was brought to 
boiling within a period of 10 minutes, and the mixture was stirred con- 
stantly throughout the process of coagulation. By this time the supernatant 
liquor appeared water clear and the precipitate showed definite flocculation. 
The final pH was 5.3. After cooling, the tube was covered with a few 
layers of gauze and centrifuged for 15 minutes at 2500 r.p.m. The super- 
natant fluid was removed by decantation or siphoning and was analyzed 
for iodine. This fraction was designated as inorganic, or “I” iodine. The 
protein precipitate was washed once with the same volume of 0.02 normal 
acetic acid as was used in the precipitation. After a second centrifugation 
the supernatant liquor was discarded and the protein precipitate was 
analyzed for iodine; this fraction was designated as the protein-bound or 
“ P” iodine. When it seemed likely that the inorganic fraction was unusually 
high, as discussed later, the protein coagulum was washed four times in 
the same manner. 
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Inorganic Iodine . The values for “inorganic” iodine of human 
plasma were obtained as described above and are shown in Figure 1. 
The inorganic iodine, “I,” constitutes roughly one-third of the 
normal total plasma iodine as determined by this method. It 
varies between 0.5 and 4 jug. per 100 cc. ; the mean value is approxi- 
mately 2 fxg. per 100 cc. It is apparent that the value of inorganic 
iodine is relatively constant despite wide variations of thyroid 
activity. The inorganic iodine, however, is increased markedly 
whenever the patient receives unusual amounts of iodine from an 
external source. Such sources may be diets high in iodine, medica- 
tion, external applications of iodine to the skin, inhalation of 



Pig. 1. — In cases ranging from myxedema to marked hyperthyroidism, the inor- 
ganic “I” iodine tends to remain constant, although the protein-bound "F” iodine 
rises as* thyroid activity increases. 


iodine vapors or diagnostic procedures employing radio-opaque 
materials rich in iodine. Under such circumstances the inorganic 
iodine may reach values exceeding 1000 jug. per 100 cc. In one 
instance tincture of iodine applied to the skin in preparation for 
lumbar puncture was sufficient to raise the inorganic iodine to 
nearly 2000 jug. per 100 cc. The elevation of “I” iodine, however, 
following a “standard dose”* of iodine tends to be less marked in 
cases of hyperthyroidism than in euthyroid or hypothyroid cases. 
This point will be discussed later. 

Protein-bound Iodine. Distribution of “P” Iodine in Succes- 
sive Fractions of the Plasma Proteins. McMeekin 11 has described the 

* Five minims of saturated solution of potassium iodide daily for 6 days. 
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precipitation seriatim of successive protein components of horse 
serum through the use of ammonium sulphate. In the present 
studies such fractions, obtained through the courtesy of Dr. 
McMeekin and also prepared in this laboratory by his procedure] 
« ere analyzed for total protein and for protein-bound iodine. The 
fractions were separated at approximately the following concen- 
trations of ammonium sulphate: 1 .6 M.,* 2.1 M., 2.8 M. and 4.0 M. 
In addition, the albumin fraction soluble at 2.1 3\I. t but insoluble at 
2.8 M. was further fractionated into two subfractions, (a) that 
removed at 2.4 M. and (b) that removed at 2.8 M. The former of 
these two was fractionated further by removal of crystalbumin. 
In this manner a spectrum of the plasma or serum was obtained 
showing simultaneous distributions of proteins and protein-bound 
iodine. 



Fig. 2. — When plasma protein fractions are precipitated seriatim at increasing 
concentrations of ammonium sulphate, the natural protein-bound iodine is found to 
reside prominently in the traditional albumin fraction. The results illustrated are 
for horse serum. 

The results shown in Figure 2 were obtained with horse serum. It 
is evident that the globulin fractions precipitated by a molarity of 
1 .0 contain little protein-bound iodine. Slightly more appears in the 
upper globulin fractions, which are precipitated by a molarity of 2.1. 
The bulk of the protein-bound iodine, however, is associated with the 
“crude” albumin fractions precipitated below a molarity of 3.0. The 
proteins soluble in that concentration of ammonium sulphate did not 

* M. = molar. 
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contain an important amount of protein-bound iodine. The ratio 
of iodine to protein (micrograms of iodine per gram of protein) 
rose successively to a maximum value of 0.8 in the albumin fraction 
soluble at 2.4 and insoluble at 2.8, i. e., in a rather sharply defined 
fraction. The erystalbumin fraction, however, contained relatively 
little protein-bound iodine. 

Similar studies on human plasma have yielded comparable results. 
These are reported in detail elsewhere. 17 The total plasma protein- 
bound iodine in a sample of pooled human plasma was found to be 
5.2 ng. per 100 cc. In this instance the crude proteins had been 
precipitated and prepared as a dry powder. For comparison, in a 
series of 10 normal control individuals the plasma protein-bound 
iodine values ranged from 4.6 to 5.9 /jg. per 100 cc., as determined 
by the technique described earlier in this report; their mean was 5.2. 

It should be noted that from a strict physicochemical standpoint, 
the partial^ purified protein fractions illustrated in the figure are 
still crude, even though they represent a considerable technical 
advance over the older, traditional method of separation which 
continues to be described in the literature. 18 In other words, it is 
conceivable that a small amount of specialized iodoglobulin may be 
responsible for the high iodine content found in our crude “albumin” 
fractions. It must be noted, however, that in a preparation of 
human albumin which appeared to be 100 per cent albumin by 
electrophoresis measurements, a very high iodine concentration 
was found. 

This last-mentioned material was prepared by Dr. S. H. Arm- 
strong, Jr. in the laboratory of Prof. E. J. Cohn. A detailed account 
of these observations will be found elsewhere, 17 but a brief summary 
may be given to illustrate the general procedure. Iodine was 
determined in the several crude protein fractions separated from 
whole human plasma by ethanol under special precautions. Per 
gram of protein, the iodine content in micrograms of these fractions 
was as follows: I, fibrinogen 0.2; II, first globulin fraction 0.2; III, 
intermediate globulin fraction 0.3; IV, alpha and beta globulins 1.2; 
V, main albumin fraction 0.9; VI, residual albumin, 0.8. These 
data reflect those obtained with ammonium sulphate in that 58% 
of the total protein-bound iodine appeared in the main albumin 
fraction, V, as compared with 46% in the ammonium sulphate 
separation; but the highest ratio appeared in the fraction con- 
taining alpha and beta globulins. When Fractions IV and V were 
purified further, the ratios were as follows: for a-/? globulins 1.7; 
for albumin 1.4. These last two values are especially significant 
because electrophoretic measurements showed the a- (3 globulins 
to contain less than 5% of albumin and the albumin fraction to 
contain no perceptible globulin. In short, even after rather careful 
precautions to obtain homogeneous a-/S globulin and albumin 
fractions, respectively, high concentrations of iodine were found in 
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both. Possibly the former contained slightly more iodine per gram 
of protein, but considerably less in terms of the total mass of 
protein. 

Collateral observations indicate that there are several albumins in 
human plasma, and that the iodine is preferentially allocated to one 
or more of these fractions. 

Relationship of “P” Iodine to “I” Iodine. As described above, 
after iodine medication or other contact with iodine-containing 
material, the plasma iodine is increased. When the inorganic 
iodine rises far above normal, the apparent protein-bound iodine 
also is elevated. As demonstrated in Figure 3, the protein-bound 



Fig. 3. — A spurious elevation of the protcin-bouml “P” iodine occurs when the 
inorganic "I” iodine is unusually high, as described in the text. 


iodine, “P,” is roughly proportional to the inorganic iodine value, 
“I,” determined simultaneously. This is true irrespective of the 
state of thyroid function, although, as already mentioned, there is 
some tendency for hyperthyroid individuals to show lower levels of 
inorganic iodine than do normal or myxedematous patients on com- 
parable doses of iodide, and hence a lower “P” iodine value. 

This elevation of protein-bound iodine which accompanies ele- 
vation of the inorganic fraction can be duplicated in vitro by the 
addition of potassium iodide in increasing amounts to normal 
human plasma. Such an experiment is illustrated in Figure 3. As 
indicated by the smooth curve, the values obtained in vitro are 
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bound iodine in the plasma of animals had properties like thyroxine, 
whereas the remainder behaved like diiodotyrosine. 

In the present studies these “T” and “D” fractions were esti- 
mated in the following fashion: 

Proteins were precipitated from 10 cc. of plasma, as described previously, 
and then suspended in 10 cc. of water to which had been added approxi- 
mately 20 mg. of commercial pepsin (Merck), 0.5 cc. of 18 N sulphuric 
acid and 5 drops thymol blue. This mixture was digested at 37° C. in a 
50-cc. centrifuge tube until the contents were liquid; i. e., for 12 to 24 hours. 
Acid was added as necessary to keep the digest at pH 1.5. After digestion 
the pH was raised to 2.5 and the mixture extracted with a volume of butyl 
alcohol equivalent to twice the volume of plasma originally used. Centri- 



fugation at 3000 r.p.m. separated the solutions. A gel frequently formed in 
tlie butyl alcohol layer, but after being broken up by jarring or with a 
stirring rod, centrifugation reduced it to a small precipitate located at the 
interphase. The butyl alcohol layer was then withdrawn and the water 
layer was re-extracted with one-haff the volume of butyl alcohol used before. 
After centrifugation this butyl alcohol layer was added to the first butyl 
alcohol extract. Any precipitate which remained at the interface was 
carried along with the butyl alcohol. The water layer which remained was 
discarded. The combined butyl alcohol extracts were shaken with an 
equal volume of 2 X sodium hydroxide containing 5% sodium carbonate 
in separatory funnels which could be centrifuged in special trunnion carriers 
at 1000 r.p.m. After this centrifugation the alkaline layer was removed 
and the butyl alcohol layer reextracted with one-half the original volume 
of alkali. After another centrifugation the alkaline layer was withdrawn 
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and added to the first alkaline extract. This alkaline aqueous solution was 
designated as the D-fraction and was analyzed for its total iodine content. 

The butyl alcohol layer was evaporated to dryness and 25 cc. of water 
was added. This solution was designated as the T-fraction and was analyzed 
for its total iodine content. 

As shown in Figure 4, illustrating a series of plasma values from 
patients with myxedema and hyperthyroidism as well as from normal 
individuals, the D-fraction represents about 30% of the “P” value; 
in absolute terms this varies from 1 to 6 mg. per 100 cc. In normal 
individuals the T-fraction is approximately twice the D-fraction. 
This T-fraction, however, varies with the thyroid status of the 
individual, tending to be practically absent in myxedema and 
excessively large in severe hyperthyroidism. Indeed, the marked 
variations of the protein-bound iodine with varying physiologic 
thyroid status, to be discussed in the subsequent paper, are probably 
in large measure due to changes in the T moiety. 

The efficiency of the method in recovering thyroxine, when added 
to water as well as to human plasma, is demonstrated by the data in 
Table 2. When thyroxine is added to plasma, not only is it recov- 
ered entirely as protein-bound iodine, as reported also by Trevorrow, 20 
but it contributes exclusively to the “T” fraction. 

Table 2.— -Thykoxine-like and Diiodotybosine-like Components of Pbotein- 



bound “P” Iodine. 

Protein- 

Diiodotyrosine- 
Jike “D.” 

Solvent. 
Water . 

Addition. 

0. 65 ng. 
per 100 cc. 
thyroxine 

bound “P,” 

Thyroxine-like "T.” 
0.5 ng. 
per 100 ec. 
(75% recovery) 

Water . 

0 . 59 p.g. 
per 100 cc. 
diiodotyrosine 

" 


0 . 54 fig, 
per 100 cc. 
(92% recovery) 

Human plasma 

None 

G.O 

5.5 

1.5 

Human plasma 

5.6 pg. 
per 100 cc. 
thyroxine 

11.9 

11.2 

2.0. 


Discussion. It should be emphasized that the methods described 
here have been simplified for clinical use, and may not be universally 
applicable to problems of a more fundamental type. For example, 
all of the plasma proteins have been precipitated routinely, whereas 
the naturally circulating iodine resides prominently in the crude 
albumin range. The chief precautions which have proved essential 
to uniformity of results have been: 1, overnight fasting; 2, the use 
of plasma instead of whole blood; 3, the elimination of incoagulable, 
“inorganic” iodine; and 4, the exclusion of unusual contamination 
from iodine-containing material. 

As described, the method in ioto requires careful work but no 
complicated apparatus. As the microdetermination of iodine 
becomes further improved and simplified, it seems likely that this 
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general procedure may become a routine test in large clinics winch 
deal with endocrinologic problems. 

At present, the method is not applicable without special pre- 
cautions when gross contamination with iodine has occurred within 
3 weeks. Routine therapy with Lugol’s solution, diodrast kidney 
clearance tests, eh ol ecystography or the painting of iodine upon 
the skin represent hazards which vitiate the “P” iodine deter- 
mination. In case of doubt, the “I” iodine should be determined 
simultaneously, and if it is above 5 or 6 ng. per 100 cc., the “P” 
iodine value should be viewed with distrust. 

Too great stress should not be placed upon the absolute values 
for iodine concentration stated here. Such values are relative and 
depend upon the technique involved. Estimations of the apparent 
iodine concentration of the blood, as. reported from various labora- 
tories, have been falling steadily for two decades, and may still 
vary somewhat in different laboratories. Fortunately, however, the 
reported range of normal values has become rather stable in the 
past few years. Each institute should learn and state clearly its 
own range for normal values. 

Within these limitations, the determination of “P” iodine appears 
to be a practical and useful method for clinical investigation and 
routine diagnosis, because it affords at least a roughly quantitative 
measurement of the circulating thyroid hormone. As endocrinology 
rapidly is becoming a subdivision of the medical sciences that is 
being studied quantitatively, the need for such precise measurements 
of hormone concentration in biological and clinical material is 
obvious. 

Summary. The protein-bound iodine in the blood plasma of 
man and of animals was found to reside chiefly in the traditional 
albumin fraction. This iodine was subject to fluctuations dependent 
upon thyroid activity. Such fluctuations, in absolute terms, were 
due chiefly to a thyroxine-like moiety thereof. The moiety resem- 
bling diiodotyrosine might increase proportionately, but it con- 
tributed relatively little to the absolute change from the normal 
level. Accordingly, total protein-bound iodine fluctuated largely 
with thvroxine-like iodine. In myxedema, the thyroxine-like 
fraction practically disappeared. 

Despite variations in this protein-bound iodine, the ionized iodine 
(inorganic) appeared to be rather low and approximately constant 
under the conditions of our study, regardless of the state of thyroid 
activity. Nevertheless, it was found to increase markedly when 
extraordinary, though perhaps very small, amounts of iodine entered 
the organism. Simultaneously a false increase in the protein-hound 
iodine occurred which could be reproduced by the addition of iodide 
to plasma in vitro. 

The results indicate that the protein-bound thyroxine-like moiety 
of the plasma iodine is a good objective index of circulating thyroid 
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hormone. They suggest, also, that plasma protein-bound iodine 
might be used clinically to confirm physiologic thyroid status. 
This application to cases of thyroid disease will be described in the 
communication immediately following. 

REFERENCES. 

(1.) Benedict, S. R., Newton, E. B., and Behre, J. A. : J. Biol. Chem., 67, 267, 1926. 
(2.) Bier, A., and Roman, W.: Ztschr. f. klin. Med., 118, 15, 1931. (3.) Brain, 
W. R.: Quart. J. Med., 31, 293, 193S. (4.) Elmer, A. W., Luczynski, Z., Rychlik, 

W., and Schepps, M., cited by Elmer, A. W. : Iodine Metabolism and Thyroid Func- 
tion, London, Oxford University Press, 1938. (5.) Fashena, G. J., and Trevorrow, 
V.: J. Biol. Chem., 114, 351, 1936. (6.) Gley, E., and Bourcet, P.: Compt. rend. 
Acad. d. sci., 130, 1721, 1900. (7.) Glimm, E., and Isenbruch, J.: Biochem. Ztsehr., 
207, 368, 1929. (8.) Leipert, T.: Ibid., 293, 99, 1937. (9.) Leland, J. P., and 
Foster, G. L.: J. Biol. Chem., 95, 165, 1932. (10.) Lerman, J., and Salter, W. T.: 
(a) Proc. Soc. Exp. Biol, and Med., 38, 94, 1938; ( b ) Endocrinology, 25, 712, 1939. 
(11.) McMeekin, T. L.: J. Am. Chem. Soc., 61, 2884, 1939. (12.) Muus, J., Coons, 
A. H., and Salter, W. T.: J. Biol. Chem., 139, 135, 1941. (13.) Riggs, D. S.: Per- 
sonal communication. (14.) Riggs, D. S., and Man, E. B.: J. Biol. Chem., 134, 
193, 1940. (15.) Salter, W. T.: The Endocrine Function of Iodine, Cambridge, 
Harvard University Press, 1940. (16.) Salter, W. T., and Lerman, J.: Trans. 
Assn. Am. Phys., 53, 202, 1938. (17.) Salter, W. T., Cohn, E. J., Riggs, D. S., 
and Armstrong, S. H., Jr.; Protein-Bound Iodine in Blood: VII. The Fractionation 
of Plasma Proteins in Relation to Protein-Bound Iodine. (To be published.) 
(18.) Silver, S.: Proc. Soc. Exp. Biol, and Med., 46, 213, 1941. (19.) Somogyi, M. : 
J. Biol. Chem., 86, 655, 1930. (20.) Trevorrow, V.: Ibid., 127, 737, 1939. 


PROTEIN-BOUND IODINE IN BLOOD. 

VI. Its Relation to Thyroid Function in 100 Clinical Cases. * 
By William T. Salter, M.D., 

ASSISTANT PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL; ASSOCIATE PHYSICIAN, 
THORNDIKE MEMORIAL LABORATORY; JUNIOR VISITING PHYSICIAN, 

BOSTON CITY HOSPITAL, 

A. Merton Bassett, M.D., 

RESEARCH FELLOW, HARVARD MEDICAL SCHOOL; ASSISTANT RESIDENT PHYSICIAN, 
THORNDIKE MEMORIAL LABORATORY'; ASSISTANT IN MEDICINE, 

BOSTON CITY HOSPITAL, 

AND 

Thomas S. Sappington, M.D., 

With the technical assistance of Sophia M. Simmons, S.B. 

BOSTON, MASS. 

(From the Thorndike Memorial Laboratory', Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, 
Harvard Medical School.) 

In the preceding communication 1 it was suggested that the 
protein-bound iodine of blood plasma might be used as an index of 

* Delivered in summary before the Cosmopolitan and Interurban Clinical Clubs, 
December 6, 1940, 

This investigation was aided by grants to William T. Salter from the Milton Fund 
of Harvard University and from the Committee on Research in Endocrinology of 
the National Research Council. 



528 


SALTER, BASSETT, SAPPINGTON : 


the circulating thyroid hormone. In this way a quantitative 
estimate of effective thyroid activity might be gained. It is the 
purpose of the present report to describe the results so obtained 
in 100 clinical cases. 

Inasmuch as the significance of the blood iodine has been dis- 
cussed in detail elsewhere, 18 only a few outstanding examples of 
recent clinical studies will be cited. As regards total blood iodine, 
important series of cases have been reported by Perkin and Lahey, 14 
by Turner, DeLamater and Province 19 and by Riggs, Gildea, Man 
and Peters. 17 Perkin and Hurxthal 13 and McClendon, Foster and 
Kirkland 8 have also studied the so-called “organic” iodine fraction 
as determined by separation with organic solvents like alcohol and 
acetone. In general, all of these series, one of which comprises over 
1000 cases, 14 show a distinct tendency on the part of the blood 
iodine level to vary directly with thyroid activity. In all, however, 
with the partial exception of the recent series of Riggs and his 
associates, 17 certain grave difficulties in interpretation have been 
encountered. For example, in myxedema the values have often 
fallen within a low normal range, as pointed out recently by Greene. 5 
Likewise in the large series reported by Perkin, Lahey and Cattell 16 
many cases of Graves’ disease showed a normal blood iodine con- 
centration and a smaller percentage of normal individuals showed 
a high blood iodine value. In fact, Perkin and Cattell 12 have em- 
phasized this discrepancy as an aid in deciding upon the therapeutic 
procedure to be employed. 

Because of these discrepancies, plasma protein-bomul iodine has 
been determined in 100 cases of suspected thyroid disturbance, in the 
hope that careful scrutiny of a relatively small number of cases 
might reveal correlations and reasons for lack of correlation. 

Methods. Blood for the determination of plasma protein-bound iodine was 
drawn after overnight fasting and, whenever possible, immediately following 
determination of the basal metabolism. Special precaution was taken to be 
sure that no thyroid or iodine therapy had been used within the preceding 
3 weeks, and the latter therapy was excluded in doubtful cases by a simul- 
taneous determination of the plasma (“inorganic”) iodide. The chemical 
methods used have been described in detail in previous communications. 1 • u 

The basal metabolic rates were determined with the Bencdict-Roth 
apparatus under the usual standard conditions as described by Dubois and 
Benedict. The normal standards employed were those of Dubois as pre- 
pared by Boothby and Sandiford at the Mayo Clinic. 

Classification of Cases Studied. For euthyroid controls, 10 indi- 
viduals were selected, half of them healthy laboratory workers and 
the other half patients in whom no suspicion of thyroid disturbance 
was entertained. 

Each of the 100 test cases received individual evaluation and was 
classified on the basis of: 1 , ultimate clinical diagnosis; 2 , ultimate 
or most trustworthy basal metabolic rate, and 3 , microscopic 
appearance of the thyroid gland, when available. This classi- 
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fication was made without knowledge of the plasma iodine con- 
centration. It was thus possible to distribute the 100 cases into 
four main clinical subgroups; i. e., hypothyroid, euthyroid,* hyper- 
thyroid and ophthalmic cases (Table 1). The latter group consisted 
of so-called “Graves’ disease without hyperthyroidism” 10 or “ex- 
ophthalmic ophthalmoplegia.” 2 This latter syndrome is discussed 
in detail below. For future reference, a census of the cases studied 
has been appended. 


Table 1.- 

-Distribution 

of Cases Studied. 





“P 

” iodine 

ti s. diagnosis 


No. of 


Com- 

Incom- 

Diagnosis. 

cases. 

B.M.R. patible. 

patible. 

Series I. 

Compatible Diagnosis and B.M.R. 



A. Hypothyroid 

. . 20 

Low 

20 

0 

B. Euthyroid . . . 

. . 5 

Standard 

5 

0 

C. Hyperthyroid . 

. . 38 

High 

37 

1 

D. Ophthalmic 

. . 8 

Standard 

8 

0 

Total ..... 

. . 71 


70 

1 

Series II. 

Incompatible Diagnosis and B.M.R. 



A. Euthyroid . 

. . 9 

Low 

9 

0 

B. Euthyroid . . 

. . 12 

High 

12 

0 

C. Ophthalmic 

. . 5 

Low 

4 

1 

D. Ophthalmic . 

. . 2 

High 

2 

0 

E. Hyperthyroid . 

. . 1 

Standard 

1 

0 

Total 

. . 29 


28 

1 

Grand total .... 

. . 100 


98 

2 


Control Series 



Euthyroid .... 

. . 10 

Standard 

10 

0 


From such a classification certain interesting correlations appeared 
which served as the basis for further analysis. Nearly all the cases 
adjudged euthyroid had plasma protein-bound iodine values greater 
than 3.9 ^g- per 100 cc. and less than 8.1 pg. per 100 cc. (see 
Figs. 1 and 2), and these figures were selected arbitrarily as the 
limiting values of the euthyroid state. The criteria for the basal 
metabolic rate used here were as, follows: Less than 10% was 
considered to be substandard, from —10 to +15%, inclusive, was 
called normal and greater than 15% was called elevated. It was 
also apparent that evaluation of the plasma protein-bound “P” 
iodine would be facilitated by regrouping the 100 cases into two 
series, as follows: On the basis that for each case, one of the above 
described clinical diagnoses and the truest estimate of basal meta- 
bolic rate were either compatible or incompatible, the cases were 
segregated into Series I and Series II, respectively. For example, 
a case of obvious myxedema with a basal metabolic rate of —40 

* A euthyroid individual is one whose tissues at large receive the normal amount 
of thyroid hormone daily, irrespective of the anatomic state of the thyroid gland. 
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was placed in Series I. On the contrary, a case diagnosed clinically 
as euthjToid with a basal metabolic rate of +40 (before iodine or 
other therapy) was placed in Series II. These two series are referred 
to as the “compatible” Series I and the “incompatible” Series II, 
respectively. 

Obviously, Series II requires the greater scrutiny. The standard 
diagnoses were therefore subdivided further into subgroups (A, B, C, 
D and E) according to the nature of the discrepancy involved 
(Table 1). Typical and representative cases in each of the sub- 
groups will be presented later. 



Fig. 1. — In two-thirds of the test cases studied, the clinical diagnosis and the basal 
metabolic rate were compatible, as shown in the figure. Plasma protein-bound 
iodine values are given for these cases and for 10 euthyroid controls. The “ophthal- 
mic” cases are described in the text. 


On the basis of these classifications and with the arbitrary 
standards for plasma protein-bound iodine and basal metabolic 
rate stated, it was possible to compare the clinical, metabolic and 
blood iodine findings in order to ascertain the significance of the 
latter. 

Analysis of Cases by Clinical Groups. Series I: Clinical Diag- 
nosis and Basal Metabolic Rate Compatible. This group, 
illustrated in Figure 1, comprises 71 cases, or 71% of the total 
number. 

Hypothyroid. As shown in Figure 1 , 20 cases of hypothyroidism 
were included in this category and all had plasma protein-bound 
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iodine values of less than 4 n g. per 100 cc., i. e., definitely sub- 
normal. This suggests that plasma protein-bound iodine is of dis- 
tinct value in confirming the diagnosis of poor thyroid function, 
particularly in those cases in which full-blown myxedema is not 
present. Heretofore such cases often have been indistinguishable 
from the normal when whole blood iodine 5 or “organic” iodine 6 has 
been measured. 

Controls. As previously stated, 10 euthyroid controls were added 
to the series of 100 test cases. As shown in Figure 1, all 10 had 
plasma protein-bound iodine values greater than 4 ng. per 100 cc. 
and less than 8 yg. per 100 cc. In this way “normal” values were 
defined. 

Euthyroid Cases. Likewise 5 eases, who at first were suspected 
of thyroid disease despite normal basal metabolic rates but who were 
diagnosed finally as euthyroid, all had “normal” plasma protein- 
bound iodine values. 

Hyperthyroid. In Figure 1 are charted also 38 cases of hyper- 
thyroidism. All but one had plasma protein-bound iodine values 
exceeding 8.0 ng. per 100 cc. On the whole, the elevation of the 
iodine level tended to be proportional to the elevation of the basal 
metabolic rate, but individual exceptions were not infrequent. 
It should be stressed that in each of the above cases of hyper- 
thyroidism, at the bedside it was decided that the patient showed 
sufficient evidence of both ( 1 ) neurologic and (2) calorigenic dis- 
turbance to warrant the diagnosis of Graves’ disease with hyper- 
thyroidism. 

Ophthalmic. The ophthalmic cases include the syndrome defined 
by Means 11 and Salter 18 as “Graves’ disease without hyperthy- 
roidism.” These authors have noted the absence of calorigenic 
disturbances (warm, moist skin; excessive sweating and weight loss) 
in cases which otherwise resemble classical Graves’ disease. Accord- 
ingly, they suggest that despite the neurologic symptoms, such 
cases are in effect euthyroid and have basal metabolic rates which 
usually are normal or substandard. In addition, the electro- 
encephalogram may show normal alpha cortical rhythm and reaction 
time. 3 The majority of these cases exhibit marked exophthalmos 
and have been described by Brain 2 as “exophthalmic ophthal- 
moplegia.” Occasionally cases of malignant exophthalmos display 
clinical and metabolic evidence indicating that they are hvper- 
thyroid or hypothyroid, and in this report are classified as such; 
in other words, the classification “ophthalmic” has been reserved 
only for those cases adjudged to be euthyroid. 

Eight ophthalmic cases are represented in Figure 1; all had 
normal basal metabolic rates and all had normal plasma protein- 
bound “P” iodine values. A representative case history follows. 

Case 66.— B. H. (B. C. H. No. 1017062), a 36-year-old male stationary 
engineer entered the hospital, complaining of bilateral prominence of his 
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eyes and conjunctivitis of 7 months’ standing. There was no change in 
appetite nor loss of weight. There was no goiter, tremor or tachycardia. 
The skin was normal. The basal metabolic rate was — 10 %. Measurement 
of the eyeballs with the Luedde exophthalmometer 7 showed the cornea to be 
24 mm. anterior to the lateral orbital margin. Plasma protein-bound 
iodine was 6.4 fig. per 100 cc. After 3 weeks of therapy with large doses of 
thyroxine the basal metabolic rate rose to +34% and the plasma protein- 
bound “P” iodine to 18 fig. per 100 cc. During this time the eyeballs 
receded 7 mm. and the chemosis and inflammation subsided. 

The favorable course of the exophthalmos when the circulating 
plasma iodine was artifically elevated is, of course, consistent with 
the thesis that Graves’ disease and physiologic hyperthyroidism 
may be dissociated. Indeed, although there is still considerable 
dispute as to the appropriate therapy in these cases, recent publica- 
tions 4 - 11 have suggested that thyroxine or thyroid medication is 
superior to thyroidectomy, which may accentuate the exophthalmos 
to an alarming degree. 

In addition to idiopathic cases of exophthalmic ophthalmoplegia, 
the “ophthalmic” group here reported includes both patients who 
have submitted to thyroidectomy and also chronic cases of physio- 
logic hyperthyroidism which have “burned out.” Because eases of 
Graves’ disease apparently may show all intergrades of thyroid 
activity, it is obvious that the selection of the euthyroid cases taxes 
clinical judgment to the point of arbitrary decision. As will appear 
presently, however, such crude judgments have sufficed for present 
purposes. 

In summary, the over-all correlation of basal metabolic rate with 
plasma protein-bound iodine in Series I is very high, namely, 
0.82 =*=0.05 for the 71 cases plus the 10 controls, totaling 81 indi- 
viduals. The statistical P- value is less than 0.001. As the cases 
in this series are quite straightforward as regards their diagnosis, 
there is little need to discuss them further. There remain, however, 
29 % of the cases which must be classified otherwise. 

Series II: Clinical Diagnosis and Basal Metabolic Rate 
Incompatible. This series consists almost entirely of individuals 
who were adjudged euthyroid on general clinical grounds, but who 
showed an abnormal basal metabolic rate. In certain cases it might 
be surmised that the recorded metabolism was not truly basal, but 
it was the best value obtainable after repetition under routine con- 
ditions in a large hospital. These cases are recorded as Series II in 
Table 1 and they are charted in Figure 2. Characteristics and 
representative cases of each of these subdivisions (see Table 1) 
follow. 

Series II-A: Euthyroid Individuals With Substandard 
Basal Metabolic Rate. In this subgroup are included 9 cases 
with a basal metabolic rate below —10, in whom no definite clinical 
evidence of hypothyroidism could be discovered. It is concluded 
that these individuals represent cases of a substandard but physio- 
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logically normal basal metabolic rate. In 2 cases the diagnosis was 
hypopituitarism with secondary hypogonadism. Despite basal 
metabolic rates of —20 and —30%, respectively, their lack of clinical 
evidence of hypothyroidism and their negligible response to thyroid 
medication seemed to warrant a diagnosis of euthyroidism. All 
of these cases had normal plasma protein-bound iodine values. 
A representative case follows in summary. 



-50 40 30 20 10 0 +10 20 30 40 50 60 70 80 90 

BASAL METABOLIC RATE 

Fig. 2. — In approximately one-third of the test cases the basal metabolic rate 
determination was incompatible with the final clinical diagnosis. Most of these 
cases had a normal plasma protein-bound iodine, as shown in the figure. The 
“ophthalmic” cases are described in the text. 


Case 75. -J. 0’S. (B. C. H. No. 1004320), a 36-year-old male clerk, 
entered the Boston City Hospital complaining of nervousness, sweating, 
insomnia and loss of weight. He appeared very nervous, had a constant 
tachycardia and a slight manual tremor. His thyroid was of normal size 
and his skin, though of fine texture and moist, was quite cool. Hyper- 
thyroidism was suspected at first but his basal metabolic rate was —22%. 
Certain psychic problems were uncovered and when corrective measures 
were instituted marked sjmptomatie relief followed. 

Series II-B: Euthyroid Individuals With Elevated Basal 
Metabolic Rate. This group of 12 cases comprised patients 
suffering from cardiac decompensation, neurasthenia or hyper- 
pyrexia, in whom the possibility of hyperthyroidism was considered 
at first on general clinical grounds and apparently confirmed by 
the finding of an elevated basal metabolic rate. In these cases, 
however, relief of the underlying condition, c. g., circulatory failure 
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or anxiety, sufficed to return the basal metabolic rate to normal 
without specific iodine therapy. In the few cases in which a thera- 
peutic trial of iodine alone was made, it proved ineffective in 
correcting the symptoms or in lowering the elevated metabolic 
rate. Thus the course of the illness caused abandonment of the 
initial impression of hyperthyroidism . All the patients in this 
group had normal plasma protein-bound iodine levels. A repre- 
sentative case follows. 

Case 86.— P. McK. (B. C. H. No. 967590), a 52-year-old policeman, 
entered the hospital complaining of dyspnea and edema of the ankles. 
The blood pressure was 190/110 mm. Hg. Hyperthyroidism was suspected 
because of restlessness, staring eyes and pink complexion of the face. 
Attempted basal metabolic rate readings yielded approximately +40% on 
repeated determinations. After several weeks of rest in bed and treat- 
ment with digitalis, the initial symptoms of anxiety abated as the circu- 
lation improved and the basal metabolic rate became normal. 

Series II-C: Ophthalmic Cases With Substandard Basal 
Metabolic Rate. This group of 5 cases was composed of patients 
who, as described above, presented marked exophthalmos and, in 
some cases, neurologic symptoms of Graves’ disease, but no dis- 
turbance of caloric balance. They were all considered to be euthy- 
roid despite substandard basal metabolic rate. A characteristic 
case follows. 

Case 95.— M. C. (B. C. H. No. 1028107), a 39-year-old American 
housewife, entered the hospital with a history of diplopia, vertigo and 
sudden exophthalmos of 1 month’s duration. Two years previously she 
had a thyroidectomj' for typical thyrotoxicosis, and thereafter until her 
recent illness had been in excellent health. Examination disclosed a well 
nourished woman with marked exophthalmos, lid lag and convergence 
defect. Moderate periorbital edema was present. Her speech and move- 
ment were quick and nervous. The skin was of normal texture and tem- 
perature, but dry. Her heart rate was normal and she had no tremor. 
Basal metabolic rate was —20%. 

All but one of these cases had normal plasma protein-bound “P” 
iodine values. The exception occurred in an ophthalmic case which 
had developed following thyroidectomy for thyrotoxicosis. The 
basal metabolic rate was — 20%. Although mild hypothyroidism 
was suspected at first, the patient was finally judged to be euthyroid. 
His plasma protein-bound iodine value was barely subnormal 
(3.9 pg. per 100 cc.). 

Series II-D : Ophthalmic Cases With High Basal Metabolic 
Rate. Cases so classified present peculiar difficulties in diagnosis. 
Obviously the designation of clinical euthyroidisin is challenged by 
the presence of neurologic symptoms, exophthalmos and elevated 
basal (?) metabolic rate which may characterize these patients in 
varying degree. In such borderline cases two equally experienced 
clinicians may disagree at the bedside as to the evidence for or 
against normal or increased metabolism. Fortunately there were 
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only 2 such cases in the series. Because the clinical evidence for 
abnormally high caloric consumption was unconvincing, they were 
classified as euthyroid, without knowledge of the plasma iodine 
concentration. The problems in diagnosis and the evidence for 
adjudging them euthyroid are well exemplified in the following case. 

Case 99.— M. B. (B. C. H. No. 990460), a 41-year-old widow entered 
the hospital complaining of sciatica and nervousness. A diagnosis of 
hypertensive cardiovascular disease and anxiety state was made. She 
reentered several months later, complaining_ of increasing irritability, ex- 
cessive sweating when nervous, and palpitation. Her cardiovascular 
status was unchanged except for the presence of tachycardia; her thyroid 
was normal to physical examination, and although she had slight exoph- 
thalmos no associated eye signs were present. Her initial basal metabolic 
rate was +36%. After this single determination of metabolic rate the 
patient received iodine therapy, following which her apparent basal metabolic 
rate fell to +9 % without coincident improvement in symptoms. During the 
next few months she took iodine intermittently at home, and on her third 
entry presented essentially the same findings as on previous discharge. 
Again the metabolic rate was elevated and again simultaneous bed rest, 
reassurance and iodine caused it to return to normal. Thyroidectomy was 
performed and the pathologic diagnosis was reported by one pathologist 
as: colloid goiter; by Dr. Shields Warren as: longstanding hyperinvolution 
of old primary hyperplasia— not the result of recent iodine medication. 

Despite her subtotal thyroidectomy the patient experienced no relief 
from her complaints of nervousness, tachycardia and sweating, for which 
she was hospitalized again 9 months after her operation. Physical findings, 
except for absent thyroid gland, were unchanged from her previous entries 
and again the basal metabolic rate was +40%. This time, however, iodine 
was withheld and on bed rest alone the basal metabolic rate returned to 
normal. Prior to her thyroidectomy, at a time when the basal metabolic 
rate had been +36%, her plasma protein-bound iodine level was normal 
(5.5 n g. per 100 cc.), and therefore consistent with the diagnosis one would 
be forced to make in retrospect, i. e., Graves' disease without hyperthy- 
roidism. 

The other case in this group also had a normal plasma protein- 
bound iodine value. 

Series II-E: Hyperthyroidism With Normal Basal Meta- 
bolic Rate. This category is represented by one case of recurrent 
hyperthyroidism, recognized clinically as “mildly toxic,” in which 
the basal metabolic rate was +14%. It falls, therefore, into the 
incompatible group, although obviously the estimation of physio- 
logic status was a borderline decision. Interestingly enough, the 
plasma protein-bound iodine was only slightly above the normal 
limit, i. e., 8.8 /ig. per 100 cc. 

Comment. Of the cases shown in Figure 2, those in Series II-A, 
II-B, II-C and II-D may properly be considered to be euthyroid on 
clinical grounds, and in all but one of these cases the plasma protein- 
bound iodine was actually normal. It should be remarked that this 
second large series, if combined with the first series, would dis- 
tort the correlation between the basal metabolic rate and plasma 
iodine determination as indices of abnormal thyroid function. In 



536 


SALTER, BASSETT, SAPPINGTON: 


fact, such a combination might lead to the same conclusion that 
previous series have led to, namely, that a poor correlation exists 
between basal metabolic rate and blood iodine concentration. 
In the present instance, however, the coefficient of correlation for 
the entire 100 cases would be reduced only to 0.79 ± 0.04. 

Recrudescent Hyperthyroidism. In order to evaluate a biochemical 
procedure like plasma protein-bound iodine, it is obviously necessary 
to crowd one’s test cases into a simplified rigid scheme of classi- 
fication as regards diagnosis. In this process, difficult diagnostic 
situations occasionally arise which require very arbitrary treatment. 
For example, such a case may be in spontaneous remission when 
first studied, and may later show clinical evidence of excessive 
caloric turnover, together with an elevated basal metabolic rate 
and high plasma iodine level. A synopsis of such a case follows. 

Case 83. — M. N. (B. C. H. No. 965392), a 44-year-old Greek housewife, 
entered the hospital complaining of palpitation, shortness of breath and 
edema of the ankles of several months’ duration. Examination showed a 
thin, anxious woman in obvious congestive failure without auricular 
fibrillation. There was no goiter, tremor or marked exophthalmos. Blood 
pressure was 160/95. After several weeks of treatment with digitalis and 
rest, cardiac compensation was restored. The basal metabolic rate, how- 
ever, remained close to +40 % and the pulse over 80. Plasma protein-bound 
iodine was 6 j,g. per 100 cc. A therapeutic test with iodine did not alter 
the basal metabolic rate, which was determined with some difficulty because 
of the patient's apprehension and mild orthopnea. The patient was dis- 
charged on iodine therapy and given a course of Roentgen ray treatments 
to the thyroid region. Ten months later she reentered, presenting much the 
same picture as at the previous admission. At this entry, however, the 
thyroid was definitely palpable, a little more prominent on the right, and 
the thyroid isthmus seemed hyperplastic. After restoration of cardiac 
compensation the basal metabolic rate rose steadily from +30% to +55% 
in 3 w r eeks. At this time the plasma protein-bound iodine was found to be 
10 jig. per 100 cc. Routine treatment with Lugol’s solution was begun and 
in 2 weeks the basal metabolic rate had fallen to +25%. A clinical diag- 
nosis of toxic nodular goiter was made. 

The question might be raised by some clinicians whether this 
case was originally One of “burned out” hyperthyroidism in which 
iodine therapy had supplied new building material wherewith the 
thyroid gland could manufacture again an excess of hormone. In 
other words, the mechanism involved would resemble that of 
“Jod Basedow” which has been much discussed in Europe. 9 ' 16 

This case is presented to emphasize the fact that the determination 
of plasma protein-bound iodine at one instant can reflect only the 
hormonal activity at that time. It can not, if normal, guarantee 
against future hyperthyroidism , either fresh or recrudescent. 
Moreover, it is not an automatic arbiter of therapeutic procedures. 
Indeed, in Case 91, clinically adjudged euthyroid as shown in the 
appended census of cases, a hyperplastic gland was found at post- 
mortem examination. Did premature therapy with iodine con- 
tribute to the cardiac embarrassment? Such cases as these raise 



PROTEIN-BOUND IODINE IN BLOOD 


537 


problems which suggest that smoldering or latent hyperthyroidism 
should be studied anew from the standpoint of therapy. 

Plasma Iodine Fractions, Inorganic and Protein Bound. In 
Figure 3 are given data for 2 individuals, one suffering from classical 
myxedema and the other normal. By chance the circulating 
inorganic “I” iodine in the myxedema case was a little greater than 
the average and, on the other hand, the similar fraction for the 
normal individual was a little lower than the average. In con- 
sequence of these fortuitous fluctuations the total iodine value for 
the myxedema case was 7.1 Mg- per 100 cc. whereas the similar value 
for the normal individual was only 6.3. When the protein-bound 
• “P” fractions were determined, however, that for the myxedema- 
tous patient was only 2.2, whereas the normal individual showed 
4.8 Mg- per 100 cc. As explained in the preceding communication, 1 
no great significance is attached to the absolute values yielded by a 

TOTAL IODINE VS PROTEIN-BOUND IODINE 



Fig. 3. — Values are given for inorganic “I” iodine and protein-bound “P" iodine 
in the plasma of two individuals. Obviously, unless the inorganic iodine is excluded 
the significant variations in “P" iodine may be masked. 


partially empirical technique; the relative magnitude only is 
important. These two instances are cited in contrast to each other 
in order to illustrate why the determination of total plasma iodine 
may be inadequate for diagnostic purposes. This finding in part 
explains why, as pointed out by Greene, 5 it has not been easy here- 
tofore to distinguish hypothyroidism from euthyroidism on the basis 
of blood iodine analysis. On the other hand, all 20 of the cases of 
clinical hypothyroidism described in this report showed abnormally 
low levels for plasma protein-bound iodine. 

Discussion. The data presented here indicate that when a final 
diagnosis of suspected thyroid disease is made in a large teaching 
clinic and confirmed by the determination of basal metabolic rate, 
the general range of plasma protein-bound iodine can be predicted 
with a considerable degree of certainty. In most of such cases, 
therefore, the analysis would be only of mild confirmatory interest. 
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In about one-third of the cases encountered in a large clinic, however, 
in which thyroid status has been suspected, the basal metabolic rate 
has proved not to be compatible with the best bedside diagnosis. In 
this second category a determination of protein-bound iodine has 
usually given a value confirming the clinical diagnosis and the 
basal metabolic rate has turned out to be misleading. In these 
latter cases, therefore, the determination of plasma iodine could 
facilitate earlier arrival at a diagnosis. This was particularly true 
when the elevation in basal metabolic rate was due to cardiac decom- 
pensation. 

In mild hypothyroidism, before frank myxedema has developed, 
the finding of a low plasma protein-bound iodine has proved of • 
considerable value in establishing the need for thyroid therapy. 
The application of this test is particularly desirable in younger 
individuals in whom the need for thyroid is more urgent and the 
difficulty in getting a true basal metabolic rate more apparent. 

The analysis of the series of 100 test cases given here rests upon 
careful scrutiny of each individual case. In this respect a rather 
small number of cases has a distinct advantage over massed statistics 
in large numbers, such as have been reported in the literature. In 
particular, the consistency of the results here presented depends upon 
several factors, among which the following are especially important: 

1, the utilization of plasma protein-bound iodine after excluding 
contact with unusual amounts of iodine, and 2, the segregation of 
cases of Graves’ disease with hyperthyroidism from the ophthalmic 
cases otherwise known as “Graves’ disease without hyperthyroid- 
ism.” Because this segregation was made on clinical grounds, 
it is valid to conclude that the normal iodine values found in the 
plasma of these patients constitute additional evidence that Graves’ 
disease and thyroid activity may be dissociated. 11 Among such 
patients are included former cases of chronic physiologic hyper- 
thyroidism which are permanently or temporarily in remission, 
i. c., the so-called “burned out” hyperthyroid patients. 

In general, the clinical consistency of the data furnished by the 
100 test cases and 10 euthyroid controls substantiates strongly the 
hypothesis raised in the previous communication 1 that plasma 
protein-bound iodine may be used to measure physiologic thyroid 
activity independently of the structural status of the thyroid gland. 

Summary. A series of 100 cases of suspected thyroid disturbance 
and 10 control individuals has been analyzed from the standpoint of 
final clinical diagnosis, basal metabolic rate and plasma protein- 
bound iodine. Wien the first two of these criteria are in agreement, 
there is a close correlation between the plasma iodine and the basal 
metabolic rate. Such cases amount to 71% of the entire group 
studied. Of the remaining 29%, the basal metabolic rate often 
did not clearly reflect the clinical status and the plasma protein- 
bound iodine proved much more reliable. This was particularly 
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true in the group of "Graves’ disease without hyperthyroidism” 
in which the basal metabolic rate ranged from —20 to +40%, but 
the plasma protein-bound iodine was normal. These data therefore 
constitute additional evidence for the possible dissociation of 
physiologic hyperthyroidism and clinical Graves’ disease. In 
hypothyroidism, plasma protein-bound iodine appears to be a highly 
reliable criterion for confirming lack of thyroid hormone, even when 
full-blown myxedema is absent. 

It has been emphasized that the simplified chemical procedures 
employed are partly empirical. Their use has been justified by their 
consistency with clinical data, but due care should be exercised in 
comparing the data with the results obtained by other methods. 


Census of Cases Studied. 


"P” 


Case 

No. 

Patient, 

Age. 

Sex. 

Hospital 

No* 

Diagnosis. 

iodine. 

B.M.R. gg. 

1 

T. R. 

44 

F 

979256 

Myxedema 

-45 

2.2 

2 

M. H. 

28 

F 

M.G.H. 

Myxedema 

-43 

1.9 

3 

N. H. 

41 

F 

227433 

972699 

Myxedema 

-41 

2.7 

4 

H. W. 

42 

M 

970183 

Postoperative myxedema 

-42 

3.2 

5 

J. O'B. 

16 

F 

966080 

Hypothyroidism 

-27 

2.8 

6 

A. McL. 

55 

F 

999743 

Myxedema 

-18 

0.8 

7 

M. B. 

73 

F 

M.G.H. 

Myxedema 

-50 

1.6 

S 

A. G. 

50 

F 

18190 

M.G.H. 

Hypothyroidism 

-23 

2.4 

9 

C. L. 

64 

F 

270469 

1001923 

Hypothyroidism 

-18 

3.2 

10 

M. M. 

56 

F 

1004489 

Myxedema 

-28 

2.2 

11 

M. P. 

62 

F 

M.G.H. 

Hypothyroidism 

-21 

1.6 

12 

H. D. 

32 

F 

203055 

Private 

Mild hypothyroidism 

-13 

3.9 

13 

0. P. 

56 

F 

Private 

Mild hypothyroidism 

-14 

3.3 

14 

G. M. 

10 

F 

1015066 

Hypothyroidism 

-20 

3.6 

15 

G. W. 

54 

M 

Private 

Myxedema 

-43 

1.3 

16 

M.D. 

33 

F 

M.G.H. 

Myxedema 

-33 

2.9 

17 

R. J. 

47 

F 

M.G.H. 

Myxedema 

-32 

2.2 

18 

H. O’N. 

42 

F 

264633 

102636S 

Pituitary necrosis with 

-44 

1.6 

19 

L. C. 

71 

F 

1028107 

myxedema 

Myxedema 

-19 

2.7 

20 

E. M. 

45 

F 

M.G.H. 

Hypothyroidism 

-34 

3.4 

21 

G. R. 

54 

F 

236576 

^ jfc 

961449 Anxiety 

+ 1 

4.S 

22 

A. H. 

40 

M 

Private 

Tachycardia 

+2 

4.8 

23 

A. T. 

29 

F 

1007421 

Achondroplasia 

+3 

4.6 

24 

A. P. 

17 

F 

Private 

Simple goiter 

-10 

C. 9 

25 

F. O. 

44 

F 

Private 

Hemangioma of skull 

-1 

7.4 

26 

J. B. 

27 

M 

% * * sfc jfc * sfc jlc 

M.G.H. Graves' disease 

+ 37 

14.9 

27 

M. D. 

25 

F 

263917 

970024 

Graves’ disease 

+ 66 

10.1 

2S 

N. E. 

49 

M 

992137 

Graves’ disease 

+50 

11.5 

29 

J. H. 

69 

M 

9SS024 

Graves’ disease 

+ 27 

10.5 


* Unless otherwise designated, the hospital number refers to cases at the Boston 
City Hospital. 
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Case 

No. 

Patient. 

Age. 

Sex. 

Hospital 

No.* 

Diagnosis. 

B.M.R. 

"P" 

iodine. 

PE- 

30 

M. K. 

33 

F 

969633 

Toxic nodular goiter 

+ 60 

11.3 






recurrent 



31 

E. L. 

55 

F 

996982 

Graves’ disease 

+40 

10.9 

32 

C. M. 


F 

M.G.H. 

25S373 

Graves’ disease 

+41 

8.3 

33 

D. M. 

16 

F 

M.G.H. 

231166 

Graves’ disease 

+ 54 

13.1 

34 

F. M. 

31 

F 

976942 

Graves’ disease 

+50 

11.4 

35 

P. W. 

39 

M 

963562 

Graves’ disease 

+28 

14.6 

36 

B. H. 

18 

F 

M.G.H. 

231737 

Graves’ disease 

+54 

13.1 

37 

H. Y. 

54 

F 

99393S 

Recurrent Graves’ disease 

+32 

12.1 

3S 

H. A. 

20 

F 

M.G.H. 

274523 

Graves’ disease 

+52 

10.8 

39 

D. D. 

19 

M 

977308 

Graves’ disease 

+49 

11. S 

40 

J. S. 

51 

M 

969996 

Graves’ disease 

+70 

14.9 

41 

J. IV. 

59 

F 

973628 

? Toxic adenoma 

+36 

11.2 

42 

F. L. 

62 

F 

Evans 

272458 

Toxic nodular goiter 

+50 

16.1 

43 

A. B. 

2S 

F 

1004547 

Recurrent Graves’ disease 

+33 

11.7 

44 

M. McL. 

20 

F 

971348 

Graves’ disease with 

t 

18.2 


T. C. 




thyroid storm 



45 

24 

F 

1006146 

Graves' disease 

+ 64 

13.5 

46 

A. H. 

15 

F 

1005920 

Graves’ disease 

+ 33 

13.4 

47 

D. L. 

19 

F 

1023229 

Graves’ disease 

+43 

18.9 

48 

J. S. 

56 

M 

100727S 

Graves' disease 

+50 

16.0 

49 

W. McD. 

52 

M 

100S987 

Graves’ disease 

+47 

9.5 

50 

A. C. 

31 

M 

1008240 

Graves’ disease 

+40 

24.7 

51 

A. G. 

59 

F 

1011753 

Graves’ disease 

+ 18 

9.4 

52 

F. W. 

61 

F 

M.G.H. 

28493S 

Graves’ disease 

+46 

8 0 

53 

D. B. 

51 

M 

M.G.H. 

263273 

Graves’ disease 

+41 

9.2 

54 

A. N. 

23 

F 

M.G.H. 

2S5290 

Graves’ disease 

+51 

24.2 

55 

B. V. 

19 

F 

M.G.H. 

2S5466 

Graves’ disease 

+33 

13.2 

56 

G. C. 

42 

F 

1023109 

Graves’ disease 

+30 

10.7 

57 

G. V. 

40 

F 

99ST02 

Graves’ disease 

+40 

4.9 

58 

A. B. 

47 

F 

1024937 

Graves’ disease 

+70 

(-) 

+ 1S 

19.0 

59 

J. J. 

45 

AI 

M.G.H. 

301702 

Graves' disease 

12.4 


60 

C. M. 

51 

F 

1026912 

Graves' disease 

+20 

9.0 

61 

J. E. 

25 

F 

102S809 

Graves’ disease 

+36 

8.0 

62 

I. B. 

59 

F 

Private 

Toxic nodular goiter 

+ 18 

9.7 

63 

C. M. 

4S 

F 

'Westfield 

? Cancer of thyroid 

+87 

13.1 


State Hosp. 


********** 


64 

L. C. 

20 

F 

M.G.H. 
272647 ' 

Unilateral exophthalmos 

-4 

0.1 

65 

F. L. 

23 

F 

M.G.H. 

276424 

Bilateral exophthalmos 

+ 11 

7.0 

60 

B. H. 

30 

M 

1017002 

Bilateral exophth'nlmos 

-10 

G.4 

67 

M. G. 

59 

F 

M.G.H. 

2S0427 

Bilateral exophthalmos 

+S 

6 7 

6S 

A. M. 

32 

F 

9S944S 

Recurrent Graves' disease 
without hyperthyroidism 

+s 

6.4 


* Unless otherwise designated, the hospital number refers locals at the Boston 
City Hospital, 
t Unobtainable. 



PROTEIN-BOUND IODINE IN BLOOD 


541 


"P” 


Case 

No. 

Patient. 

Age. 

Sex. 

Hospital 
No * 

Diagnosis B.M R. 

iodine. 

gg. 

69 

S. D. 

17 

F 

968791 

Recurient Giaves’ disease 

+9 

7 3 

70 

M. K. 

31 

F 

995785 

without hyperthyioidism 
Graves’ disease without 

-3 

4 

2 

71 

A. R. 

22 

F 

1028558 

hypei thyroidism 

Gi aves’ disease without 

+ 2 

5 

3 

72 

I. S. 

28 

F 

hypei thyroidism 

971762 Tuberoscleiosis; 

-25 

6 

3 

73 

L. G. 

43 

F 

976115 

achondtoplasia 

Intrasellar tumor 

-20 

5 

2 

74 

M. S. 

23 

F 

Private 

Colloid goiter 

-14 

6 

1 

75 

J. O’S. 

36 

M 

1004320 

Anxiety state 

-22 

5 

7 

76 

B. M. 

23 

F 

1002060 

Hypoovarianism 

-24 

5 

8 

77 

C. G. 

19 

F 

M.G.H. 

Rheumatoid artlnitis 

-17 

5 

8 

78 

L. P. 

23 

F 

270785 

Private 

No complaint 

-19 

5 

1 

79 

0. P. 

28 

M 

Private 

No complaint 

-18 

5 

0 

80 

J. L. 

51 

M 

Private 

Hypopituitarism with 

-30 

4 

3 

81 

L. S. 

36 

F 

hypogonadism 

% tfc % tfc ifc jfc * * ifc * 

Piivate Anxiety state, colloid 

+ 22 

4 

6 

82 

E. C. 

31 

F 

925968 

goitei 

Anxiety state 

+ 21 

5 

2 

83 

M. N. 

44 

F 

965392 

Hypertensive and arteiio- 

+ 18 

7 

7 

84 

H. McL. 

30 

F 

O.P.D. 

sclerotic heart failure 
Anxiety, pregnancy 

+ 29 

6 

6 

85 

C. McL. 

35 

F 

613616 

995182 

Cardiac decompensation; 

+47 

4 

6 

86 

P. McK 

52 

M 

967590 

diffuse colloid goiter 
Hypertensive and arterio- 

+ 29 

4 

2 

87 

A. S. 

25 

F 

999787 

sclerotic heart disease, 
decompensated 

Anxiety state 

+ 16 
to 

+33 
+ 42 

5.4 

88 

J D. 

37 

M 

965164 

Lobai pneumonia (fever) 

4 

0 

89 

M. C. 

24 

F 

831983 

Neurosis 

+47 

4 

9 

90 

F. B. 

59 

F 

M.G.H. 

? Parkinson’s disease; 

+ 29 

7 

1 

91 

B. T. 

68 

F 

297531 

1027S16 

post-thyroidectomy 

Congestive failuie 

to 

+50 
+ 60 

G 

9 

92 

L. A. 

54 

F 

1028709 

Congestive failure 

+20 

6 

9 

93 

B. B. 

59 

F 

jfc jfc jfc 5(c ifc * 

M.G.H. Bilateral exophthalmos 

-IS 

4 

5 

94 

M. F. 

22 

F 

275912 

M.G.H. 

Unilateral exophthalmos 

-12 

4 

0 

95 

M. C. 

39 

F 

271526 

1028107 

Bilateral exophthalmos 

-20 

5 

3 

90 

H. H. 

36 

M 

101710S 

Post-thyroidectomy 

-20 

3 

9 

97 

R. B. 

22 

M 

100S456 

exophthalmos 

Graves’ disease without 

-15 

5 

6 

9S 

E. K. 

23 

F 

hyperthyroidism 

********** 

M.G.H. Exophthalmos; ? hyper- 

+ 17 

7 

1 

99 

M B 

41 

F 

199044 
977 12S 

thyroidism 

Graves’ disease without 

+ 3G 

5 

5 

9904C0 hyperthyroidism 

* Unless otherwise designated, the hospital number refers to cases 

at the Boston 


City Hospital. 
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Case 

No 

Patient 

Age 

Sex 

Hospital 
No * 

Diagnosis 

B M.R 

"P” 

iodine, 

PE- 

100 

C. B 

58 

F 

OPD. 

Kecurrenfc Graves’ dis- 

+ 14 

8 8 

101 

s. s 

26 

F 

662563 case 

No disease 

0 

5 1 

102 

J. w. 

26 

M 


No disease 

-9 

5 1 

103 

N. S. 

27 

F 


No disease 

-4 

4 6 

104 

M. B 

29 

M 


No disease 

-3 

5 3 

105 

R. B. 

28 

M 


No disease 

+7 

4 9 

106 

J. M. 

27 

M 

982415 

Acute bronchitis 

-9 

5 5 

107 

F. S 

52 

M 

977948 

Peptic ulcer 

-3 

5 2 

10S 

W. B. 

19 

M 

974372 

Empyema 

-9 

5 9 

109 

L C 

69 

M 

964840 

Hypertension 

-3 

5 7 

110 

M G. 

59 

M 

980912 

Tabes dorsalis 

+ 5 

5 0 


REFERENCES. 

(1.) Bassett, A. M., Coons, A. H., and Salter, W. T.: Am J Med Sci , 202, 516, 
1941. (2.) Brain, W. R.: Quart. J. Med, 31, 293, 1938. (3.) Gibbs, F. A, and 

Gibbs, E. L.: The Atlas of Electroencephalography, Cambridge, L A Cummings, 
1941. (4) Gtnsburg, S.: Ann. Int Med, 13, 424, 1939 (5) Greene, A. N.: 

Arch Int Med, 67, 114, 1941. (6.) Gutzfiit, K., and Parade, G. W. : Ztschr f 

klin Med, 133, 503, 1937-1938 (7.) Luedde, W. H.: Trans Sect Ophth , Am. 

Med. Assn , p. 249, 1936 (8 ) McClendon, J. F., Foster, W. C , and Kirkland, 

W. G. : J. Biol Chem (Sci Proc ), 133, Ixiv, 1940 (9.) Marine, D.: J. Am Med 

Assn , 104, 2250, 1935 (10.) Means, J. H. : Paper submitted to the Second Pan- 

American Congress on Endocrinology, March, 1941 (11.) Means, J. H , Hertz, 

S., and Williams, R. H. : Trans Assn Am Phys , 1941 (in press) (12.) Perkin, 
H. J., and Cattell, R. B.: Surg , Gynec and Obst , 68, 744, 1939 (13) Perkin, 
H. J., and Hurxthal, L M.: J Clin Imest , 18, 733, 1939 (14.) Perkin, H. J., 
and Lahey, F. H. : Arch Int Med , 65, 8S2, 1940 (15.) Perkin, H J., Lahey, F H., 

and Cattell, R. B.: Nets England J Med, 214, 45, 1936 (16.) Raab, W.: Wien 

med. Wchnschr , 82, 1549, 1932 (17.) Riggs, D. S., Gildea, E. F., Man, E. B., 

and Peters, J. P. : J. Clm. Invest , 20, 345, 1941. (18.) Salter, W. T. : The Endocrine 

Function of Iodine, Cambridge, Harvard University Press, 1940 (19.) Turner, 

K. B , DeLamater, A., and Province, W. D.: J Clin Invest , 19, 515, 1940 


EXPERIMENTAL ASPIRATION PNEUMONIA; FLUORESCENCE 
AND PATHOLOGY. f 

By Irving J. Wolman, M.D., 

Anna B. Bai aud, B.S., 

PHIL ^DELPHI \, PI, 

(Fioin the Department of Pediatrics, School of Medicine, Unncrsity of Pennsjhaiiia, 
and the Children's Hospital of Philadelphia ) 

The lung responds to the aspiration of foreign oils and fats by a 
diversity of related tissue reactions which generally are classified 
together, the condition being designated by a number of synonymous 
names, such as lipoid pneumonia, oil aspiration pneumonia, and, 
more recently, lipid pneumonia . 4 Although in routine autopsy 

* Unless otherwise designated, the hospital number refers to cises at the Boston 
City Hospital. 

t" Aided b> a Grant-in-Aid from the Committee on Scientific Research, American 
Medical Association. 
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practice the origin of such lesions can often be recognized with the 
help of clinical information already at hand, identification of the 
offending substance in unknown specimens on morphologic appear- 
ances alone is difficult and often impossible. 

Fluorescence of lipid pneumonia lesions in gross pathologic 
material has been described from this laboratory . 13 When affected 
human lungs are examined under ultra-violet light in a dark room 
the consolidations stand out as patches of pale yellow, gray, white 
or greenish fluorescence. That method of examination can show up 
small spots of involvement which escape detection under ordinary 
illumination. 

This study was undertaken in order to investigate further the 
constancy of this fluorescent phenomenon, and the relationships, if 
any, between substances commonly aspirated and the color tones 
observed. Another purpose of this paper is to elucidate in more 
detail than at present understood, certain variable factors as they 
relate to the gross and microscopic structure of lung lesions. These 
factors include the different foreign substances most commonly 
inhaled by children: cod-liver oil, mineral oil, and milk; the patho- 
logic changes which take place with time; the differences, if any, 
between reactions to single and multiple inhalations; and the 
behavior to special staining reagents. Inasmuch as lipoid-containing 
cells have been repeatedly described in milk aspiration pneumonias, 
a series of observations on aspiration pneumonia due to butter fat 
and milk free from fat have been included. 

The literature on this condition is increasing rapidly, mainly 
because of the growing alertness of clinicians and radiologists to its 
occurrence. The most common offenders in humans are considered 
to be mineral oil, plain or medicated, cod-liver oil, castor oil, olive 
oil, and the butter fat of milk formulas. Their entry is usually by 
way of oily nose drops or by choking upon or swallowing improperly 
oily or fat-containing substances. 

As recorded in the literature the gross appearance of affected 
human lungs is variable. The involved portions may be pale yellow, 
grav-white, or gray; large or small; sharply marginated or with 
indefinite borders; scattered or clumped. Accompanying broncho- 
pneumonia usually obscures the specific consolidation. An oily 
appearance is given only by freshly aspirated material. The 
distribution of the lesions demonstrates the exogenous entry of the 
contained fat or oil, inasmuch as the posterior and inferior regions 
and the perihilar areas are most often affected, and the right lung 
usually is involved more extensively than the left . 3 

The microscopic reactions have also been described in great 
detail, and can be summarized as follows: The picture varies with 
the kind and amount of the aspirated lipids, the age of the lesions, 
and the character and extent of the complicating secondary pneu- 
monia so frequently present. Oil globules may lie free in the alveolar 
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spaces or be encysted within mononuclear foreign body giant cells. 
Neutrophils are not present in any number except when the oil 
contains fatty acids or other irritant substances, or if bacterial in- 
vasion has taken place. Large macrophages take up and hold the 
oil droplets; at times these phagocytes coalesce to form giant cells 
of the foreign body type. The alveolar lining may take on a cuboidal 
or columnar shape when stimulated by medicament-containing 
mineral oil or by cod-liver oil. Following entry of irritating oils the 
immediate response is local hemorrhage and edema, fatal if the 
inflammation is sufficiently great. When bacteria in any abundance 
are present within the foreign material the inflammatory reactions 
become much more violent and can go on to abscess formation. 
The end-result of lipid aspiration is usually residual fibrosis with 
giant cell formation, round cell infiltration and granulomatous 
nodules. Much of the oil is disposed of through expectoration, 
some is destroyed in situ, some is carried off into the lymphatics, 
while the residue, of variable quantity, remains locally in granu- 
lomas within the lung. 

A number of practical suggestions for use in identifying the various 
oils have been suggested, based on differences in the histologic 
architecture and staining responses of lesions in experimental and 
clinical material. Cod-liver oil, chaulmoogra oil, and lard are 
highly irritating, presumably because of their highly unsaturated 
fatty acids, whereas olive oil, sesame oil, and cottonseed oil are 
much more bland. Mineral oil, a hydrocarbon, is freely phago- 
cytosed by macrophages and remains as a persistent inert foreign 
body encapsulated in fibrous granulomas, although when drugs 
such as ephedrine or camphor are contained in it the pulmonary 
reactions become more extensive . 8 Cod-liver oil gives rise to an 
acidophilic hyaline membrane which is acid-fast to carbol fuchsin as 
used in the staining of tubercle bacilli ; 7 - 114 this membrane persists 
for a long time, ultimately becoming phagocytosed. Confirming 
data can sometimes be obtained by chemical studies of the involved 
tissues. 

Yet, in spite of the mass of observations on record, all details of 
the pathologic change have not been fully elucidated, especially 
with regard to the comparative importance of milk and milk 
products in the pathogenesis of the disorder. 

Method. The foreign substances utilized in this study wore as follows: 

1, Cod-liver oil (U.S.P.); 2, mineral oil (U.S.P.); 3, canned evaporated 
milk diluted with equal parts of sterile distilled water; 4, fresh unsalted 
melted butter (not autoclaved), and 5, centrifuged autoclaved market milk 
containing less than 0.01 c / 0 butter fat. 

The experimental animals were young healthy Xew Zealand Red rabbits 
at sexual maturity. Though previously used in Friedman pregnancy tests, 
they had been given a 2- to 4-week recovery period and were free from 
snuffles and wound infections. Their weight ranged between 4 and 5J ]b«. 
at the onset of the observation period, and between 5 and 10 lbs. at the time 
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of killing. Five groups of such rabbits, 21 to 24 in each group, were taken. 
As controls, the lungs of some 20 uninoculated animals of comparable 
condition were studied in exactly similar fashion. 

To simplify the comparisons all substances were instilled under essentially 
identical circumstances in accordance with the same fixed schedule. One 
to five instillations were given, spaced from 1 to 7 days apart. The oils 
were dropped into each nostril in 1 cc. doses; the milk preparations, warmed, 
in 5 cc. quantities. 

The animals, lightly anesthetized with ether, were held vertically during 
the instillations. They were killed at progressive intervals of from 2 da 3 ? s 
to 1 year following the final treatment, by means of intravenous injections 
of air. Immediately afterwards the lungs were removed, and their gross 
appearances noted in ordinary light and under the fluorescent lamp. Ten 
per cent formalin solution was used as the hardening and preserving fluid. 
The ultra-violet ray observations were repeated several times later in order 
to determine the effects, if any, of this fixing fluid on the fluorescence 
phenomenon. 

Paraffin sections made from grossly consolidated areas were stained with 
hematoxylin and eosin, and also with the acid carbol-fuchsin stain. Scarlet 
red staining of frozen sections was used for recognizing the fat globules. 
A fourth set of frozen sections have been mounted in water glass upon 
special ultra-violet transmitting glass slides and set aside for future study 
with the ultra-violet microscope. 

The specimens were studied for the following points: gross appearances 
of the consolidated areas as seen by the naked eye and under the fluorescent 
lamp; histologic cellular reactions as related to offending foreign substances 
and to the intervals since the final inhalations; extent of the inflammatory 
response in comparison with the amount of foreign material demonstrable; 
length of time necessary for complete disappearance of the aspirated 
material; and subsequent presence or absence of residual alterations in the 
cellular architecture of the lung tissue. 

Observations. Distribution of the Lesions . —The distribution of the 
foreign materials and of the pneumonic reactions to them proved 
to be more or less the same with all substances tested. The lesions 
were scattered unevenly through all parts of the lungs, usually 
being larger and more abundant in the lower lobes, presumably 
because of the upright position of the animals during the instil- 
lations. All parts of the lobes were involved, without noticeable 
selective localizations in the hilar regions. Subpleural lesions could 
be easily recognized on inspection. Wide fluctuations in size and 
distribution of the pneumonic patches were observed with each of 
the substances; some pairs of lungs „being flooded with specific 
consolidations whereas others displayed only a few isolated spots. 
Clearly the quantities of instilled liquid which passed the laryngeal 
barrier were inconstant and unequal, in spite of every attempt to 
keep the experimental conditions constant. 

Fluorescence. For the purpose of detecting fluorescence in lung 
specimens simple dark lamps such as geologists use were found 
suitable. With the shorter ultra-violet wave lengths (2400-2S00 
a.u.) the lung tissue emitted a dark red glow due to the hemoglobin, 
which persisted to obscure the colors of the pneumonic areas even 
after prolonged formalinization. But under the longer ultra-violet 
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waves (2800-3100 a.u.) the hemoglobin fluorescence of the back- 
ground of lung tissue became practically invisible after a few days’ 
contact with formaldehyde. 

The fluorescence of the aspiration pneumonias usually grew more 
prominent when the tissues had been preserved for several months. 
This technique of repeated observation proved helpful in uncovering 
small patches of aspiration pneumonia not detectable under ordinary 
illumination. 

Multiple Instillations. In the animals which had received multiple 
instillations over periods of several days the sections showed the 
changes of early acute inflammation phenomena side by side with 
more advanced subacute reactions. 

Cocl-liver Oil. The pneumonic patches looked yellow or yellow- 
brown in both fresh and formalinized specimens. Of all the experi- 
mentally produced aspiration lesions those of cod-liver oil were 
the largest, especially -in their early stages when many possessed 
central foci of liquefaction. Under ultra-violet light the patches 
fluoresced brightly, showing color effects noted as yellow, pale yellow, 
cream, or yellow-brown. 

Histologic changes bore a constant relation to the age of the 
lesions. In the youngest preparations (2 to 4 days) amorphous 
eosinophilic extracellular masses of oil surrounded by large numbers 
of phagocytes, neutrophils, eosinophils and monocytes were scattered 
through alveoli and bronchioles. Within the larger lesions central 
liquefaction soon occurred (4 to 7 days). Later on (7 to 10 days) 
the cells lining the alveoli sometimes swelled and became cuboidal; 
the neutrophils became less plentiful (Fig. 1). Most of the phago- 
cytes were monocytes and eosinophils, with fibroblasts beginning 
to make an appearance. The amorphous deposits had become 
smaller and were being penetrated by the leukocytes. After 15 days, 
inflammatory granulation tissue encapsulated the oily debris and the 
abscesses had disappeared. Scar tissue and foreign body giant cells 
were replacing the earlier acute exudate. Even after 1 year these 
granulomas of giant cells, eosinophils, and fibrous tissue surrounding 
hyaline yellow-colored foreign material were still prominent (Fig. 2). 

Scarlet red preparations showed an abundance of orange-red 
staining fatty material at all times. After the first few days the 
larger deposits were shown contained within syncytial cell masses, 
while the small drops were engulfed by individual lipopha gic 
monocytes. Even after 2 months not much fine emulsification had 
taken place, though there was a definite trend toward reduction in 
droplet size with the advance of healing. 

In the sections stained with earbol fuchsin the lipoid material 
appeared as acid-fast droplets, both intracellular and extracellular. 
The intensity of staining fluctuated somewhat among the various 
specimens, and was not striking in the more advanced lesions. In 



WOLMAN, BAYARD: EXPERIMENTAL ASPIRATION PNEUMONIA 547 


the freshest lesions staining was deepest at the periphery of the oily 
masses. 

Mineral Oil. In freshly removed lungs the affected areas appeared 
gray-white and bloodless, easily visible against the pink spongy 


Fig. 1. 



Fig. 2. Fig. 3. 

Fig. 1 . — Lung, 10 days after single inhalation of cod-liver oil. (X 400.) Lipid 
material is seen within a large multinuclented foreign body giant cell. A cluster of 
leukocytes, consisting chiefly of neutrophils, lies in close proximity. The neighboring 
mononuclears contain small droplets of oil. 

The defects in these photomicrographs are in the original slides and not in the 
photographs or their reproduction. 

Fig. 2. — Lung, S months after 3 inhalations at neckly intervals of cod-liver oil. 
(X 400.) Granular deposits of pale yellow lipid remain within large mononuclears 
and giant cells. Evidences of acute irritation are not present. An almost identical 
appearance was observed in the 12 months’ specimen. 

Fig. 3. — Lung, 15 days after single inhalation of mineral oil. (X 500.) Oil 
globules of varying sizes lie within the alveoli, cither phagocytosed by single cell* 
or surrounded by syncytial masses. No oil lies free in the alveolar space*. The 
deeply staining small phagocytes are eosinophils. Neutrophils are rarely seen. 
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parenchyma of the surrounding lung tissue. After formalin fixation 
they were much less prominent, though always whiter than the pul- 
monary tissue background. Under the ultra-violet lamp they were 
manifest as pale gray spots tinted at times with an added faint 
green, green-blue, or blue color. 

In the early stages (Fig. 3) the affected alveoli and terminal 
bronchioles were packed with a syncvtial-like mass of phagocytes 
having cytoplasm filled with large and medium-sized vacuoles. 
In specimens but 2 days old many oil drops appeared to be large 
and extracellular, but after a few days they had become broken up, 
giving to the cross-section a foamy pattern. After some months, 
however (Fig. 4), a marked tendency to fine emulsification had be- 
come evident. With the passage of time the lining cells of the 
involved alveoli took on a cuboidal shape, their walls became thick- 
ened, and some vacuolated macrophages became deposited in the 
interstitial connective tissue. The only other tissue response was 
the appearance of eosinophils in small numbers in some specimens. 

In 2 of the animals which had received multiple instillations 
patches of necrosis, hemorrhage and acute inflammatory reaction 
were discovered, but the presence of large colonies of bacteria in the 
Gram-stained preparation indicated the existence of a superimposed 
acute bacterial pneumonia. 

With scarlet red the color assumed was orange yellow, much 
paler than that given by the cod-liver oil and butter fat preparations. 
Mineral oil did not stain with carbol fuchsin. 

Evaporated M ilk. Fresh lungs removed during the first 2 weeks 
following instillation of milk showed gray-white pneumonic mottling 
which remained paler than the surrounding tissue after fixation in 
formalin. Under ultra-violet light the pneumonia had a white 
color, better shown in the formalinized material. With ordinary 
illumination no consolidations were recognizable later than 2 weeks, 
although small fluorescent white spots persisted up to 30 days of age. 

Within 2 days after inhalation the microscopic examination 
showed a pneumonic reaction so extensive that the contours of the 
alveolar network were completely obscured (Fig. 5). One saw a 
solid mass of fibrin, mononuclears, neutrophils, eosinophilic cells and 
fibrous tissue homogeneously commingled with some finely granular 
purple staining debris. Vacuolated monocytes were uncommon. 
After a few days the picture had not altered much except for diminu- 
tion in the proportion of neutrophilic cells. Abscesses did not 
form. At one week the amorphous material could no longer be 
seen, and by 2 weeks the reactions had largely subsided, leaving 
small areas of scarred thick-walled alveoli, containing a few mono- 
cytes of irregular shape. At 1 month and later the lungs seemed 
completely recovered except for residual alveolar thickenings, 
apparently permanent, and a few eosinophilic cells seen here and 
there. At no time did the alveolar epithelium itself assume a 
cuboidal form. 
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In the scarlet red preparations, occasional monocytes filled with 
fine red globules were seen in small groups within the acute in- 
flammatory exudate. These cells decreased in numbers during the 


Fig. 4. 


Fig. 5. 



Fig. 6. Fig. 7. 

Fig. 4. — Lung, S months after 3 inhalations at weekly intervals of mineral oil. 
(X 210.) Masses of vacuolated mononuclear cells containing large and small 
globules fill the alveoli. The alveolar walls are thickened and fibrosed. An almost 
identical appearance was observed in the 12 months’ specimen. The deeply staining 
cells are eosinophils. 

Fig. 5. — Lung, 2 days after single inhalation of evaporated milk. (X 400.) The 
alveoli are jammed with an intense inflammatory exudate consisting of neutrophils, 
edema fluid, basophilic coagulum, and mononuclear phagocytes. 

Fig. G. — Lung, 2 days after single inhalation of fat-free cow’s milk, boiled. ( X 566.) 
The exudate is less intense than with whole milk, neutrophils are less abundant, and 
basophilic dfibris is difficult to identify. 

Fig. 7. — Lung, 2 days after single inhalation of molted butter. (X 300.) Butter, 
which stains deeply eosinophilic, is quickly liquefied. Note the mononuclear cells 
lying within lacunar pockets along the margins of the drops. The cellular response 
consists almost entirely of monocytes and eosinophils. 
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stage of resolution, and could not be found after 3 weeks. The 
carbol-fuchsin preparations were negative for the presence of oil 
residue. 

Butter. In recently affected lungs the patches of consolidation 
were dark gray in color, more easily identified in the unpreserved 
specimen than after fixation. In the 1- and 2-month-old specimens 
no lesions could be seen. Under ultra-violet fight the fluorescent 
effect was given by some but not all of the very early lesions, the 
color being faint gray-white tinged with green. In older inflam- 
mations the color was an indefinite white or gray and frequently 
could not be detected at all. Immersion in formalin intensified this 
white color; with some specimens recognition of the lesions in fresh 
tissue was difficult or impossible, but fluorescence studies subsequent 
to fixation demonstrated the involved areas. 

On microscopic examination the immediate reaction to butter 
fat was found to consist of a patchy inflammatory exudate con- 
taining many monocytes, some neutrophils, and an occasional 
eosfnophrfic cell. The lipid material formed eosinophilic amorphous 
masses with scalloped margins (Fig. 6). Abscess formation did not 
occur and there were no acute inflammatory reactions which might 
be interpreted as a response to the bacteria present in butter. 
By the end of the week the picture was little altered except for the 
disappearance of the extracellular lipid. During the following 
week or two most of the reaction had faded away, but at 1 month 
and occasionally later one could find clusters of pigmented brown 
non-vacuolated irregular monocytes scattered among the alveoli. 

With scarlet red, the butter stained vividly. After the first few 
days the butter fat had been completely phagocytosed and appeared 
as large intracellular globules. In time these globules multiplied 
and grew smaller, so that by 2 weeks they gave a stippled appearance 
to the cytoplasm. After 15 days prolonged search of the sections 
was needed to find a few cells having small intracellular fat 
globules; after 30 days none could be found. Carbol-fuchsin stains of 
the pneumonia area were negative for acid-fast matter. 

Autoclaved Fat-free Milk. (This milk was sterilized and cooked by 
autoclaving for 30 minutes at 240 lbs. pressure and 115° C. tempera- 
ture after being skimmed'by high speed centrifugation. Fat content 
less than 0.01%.) The gross and fluorescent appearances of the 
pneumonia were identical with those of sterile evaporated milk. 
Xo fluorescent lesions could be found after 30 days. 

In the paraffin sections the acute inflammatory reaction was 
similar to but not as violent as that observed with evaporated 
milk (Fig. 7). The exudate consisted largely of mononuclear cells. 
Debris and neutrophils were much less plentiful whereas the eosino- 
phils were fairly numerous. By 10 days the neutrophils and debris 
had steadily receded and faded away and only foci of monocytic 
infiltration remained. At 1 month and later one saw only occasional 
thickened alveolar septa. 



Table 1. — Differential Characteristics of Aspiration Pneumonias. 



Autoclaved AH lobes, esp. 1 mo Gray-white 0 White 0 + + + 

fat-freo in depend- 

milk out regions 
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No signs of fat infiltration were found in any of the frozen section 
preparations except for a few rare clusters of finely stippled macro- 
phages in some of the animals which had been given multiple inhal- 
ations. The carbol-fuchsin preparations failed to reveal acid-fast 
matter. 

Comment. The data presented show that under the conditions 
of the experiments the pathologic reactions produced by the different 
substances tested were individually characteristic (Table 1). Cod- 
liver oil provoked a violent necrotizing reaction which partially 
cleared to leave chronic granulomatous deposits. It was the only 
lipid in this series to possess acid-fast staining properties with 
carbol fuchsin. Mineral oil produced little acute inflammation 
and remained indefinitely as an unabsorbable foreign material. 
Butter fat gave rise to an immediate mononuclear response of 
transitory character. Evaporated milk stirred up a distinctive in- 
flammatory reaction, also transient, in which the presence of small 
numbers of phagocytes holding fat could be considered as being 
entirely a response to its contained butter, inasmuch as no lipo- 
phages were found in the similar though milder experimental lesions 
produced with autoclaved fat-free milk. With the scarlet red stain 
butter fat appeared dark red, cod-liver oil was orange-red, and 
mineral oil orange-yellow, demonstrating decreasing rates of 
solubility in the order named. Under ultra-violet light the various 
pneumonias presented differing and individually typical color 
fluorescence. Further investigation has brought out that the 
fluorescent-effects of these pneumonias are essentially the same as the 
colors given by the foreign materials themselves when examined 
in the pure state under ultra-violet light. 

The effects of repeated inhalations were not strikingly dissimilar 
from those following single inhalations. Where the pathologic 
appearances changed quickly with progress of time the examinations 
showed lesions of various ages existing side by side. When the tempo 
of reactive change was more slow-paced it was impossible to dis- 
tinguish between the lesions of single and multiple instillations. 

The morphologic changes following milk aspiration, whether of 
normal fat content or fat-free, were of a character most unlike those 
of the oils and fats studied. There were no lipid deposits and the 
feature of chronieity was lacking. The pulmonary reactions were 
found due to irritation from the contained butter fat as well as from 
other components of the milk. If the designation “lipid pneumonia’ 
persists in general use the milk aspiration lesions ought not to be 
included. 

The observations reported here were restricted to rabbit lungs, 
but the findings are sufficiently clear-cut and distinctive to warrant 
the presumption that they parallel in general contour the pictures 
encountered in affected human necropsy material. 
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Conclusions. 1. The pathologic reactions in rabbit lungs to the 
introduction of cod-liver oil, mineral oil, butter, evaporated milk, 
and autoclaved fat-free milk have been studied. 

2. Each of these foreign substances gave rise to characteristic 
changes sufficiently distinctive as regards gross appearances, histo- 
logic architecture, staining reactions, and fluorescent behavior to 
permit accurate identification, not only of the foreign substance 
itself, but often, also, of the age of the lesion. 

3. The pathologist when studying autopsies should attempt to 
make specific diagnoses such as mineral oil pneumonia, cod-liver 
oil pneumonia, and milk aspiration pneumonia, rather than be 
satisfied with the less definitive terms aspiration pneumonia or 
lipid pneumonia. 
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(From the Pennsylvania Hospital.) 

An important aim in the treatment of diabetes raellitus with 
insulin is to give a sufficient quantity in one injection in conjunction 
with an adequate diet to maintain the level of the blood sugar within 
the limits of normal for a period of 24 hours. This is not possible, 
in the majority of patients, with any one of the insulins commercially 
available; namely, unmodified, zinc insulin crystals in solution 
(crystalline insulin) and protamine zinc insulin. The action of 
unmodified and crystalline insulin upon the blood sugar concentra- 
tion occurs promptly and subsides within 6 to 10 hours after they 
are injected subcutaneously. Protamine zinc insulin is slow to act 
but its action persists from 24 to 36 hours after administration. 
Hence, in most cases, a single dose of any one of these three brands 
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of insulin causes a blood sugar lowering action which is either too 
rapid and too evanescent or too gradual for the satisfactory control 
of the diabetes. Satisfactory results are secured by combining 
these effects with the separate injection of two insulins, a rapidly 
acting and a slowly acting insulin.* This entails 2 or even 3 injec- 
tions a day for the patient having severe diabetes. 

To obtain satisfactory control of the diabetes by a single daily- 
injection of insulin it would appear that for the majority of patients 
it would be essential to have an insulin which acts with sufficient 
rapidity to prevent hyperglycemia during the daytime, when three 
meals are taken in close succession, and with an action sufficiently 
prolonged to control the level of the blood sugar throughout the 
night. In this manner the shortcomings of the protamine zinc 
insulin and the crystalline insulin in the routine treatment of many 
patients who require insulin would be overcome. 

There is evidence that globin insulin fulfills this purpose and 
affords certain other advantages. Bauman 2 in the first report on 
the clinical use of globin insulin found: 1, that its maximum hypo- 
glycemic effect occurred about 8 hours after its injection, and that 
if too much was given before breakfast hypoglycemic reactions 
would occur in the late afternoon; 2, that a single dose of globin 
insulin controlled mild and moderately severe diabetes for a 24-hour 
period; 3, local allergic reactions at thesiteof injection werepromptly 
relieved when globin insulin was substituted for protamine zinc 
insulin. Marks 5 has found that globin insulin “acts more strongly 
than protamine upon the breakfast carbohydrate and completes its 
action during the night with no perceptible carry-over.” Andrews 
and his associates 1 found that fewer units of globin insulin were 
necessary to control hyperglycemia than when protamine zinc 
insulin was used. A single dose of globin insulin controlled severe 
cases of diabetes even when this end had not been accomplished with 
the combined use of crystalline and protamine zinc insulin. No 
nocturnal hypoglycemic reactions were observed when only one 
daily dose of globin insulin was employed. The maximum effect 
from globin insulin was manifested at approximately S hours after 
its injection and its effect became exhausted in about 15 hours. 

The object of this investigation was to observe, under exactly 
controlled conditions, the effects of globin insulin as compared with 
the insulins now commercially available. 

The globin fraction of globin insulin is prepared from beef blood, 
although it may be prepared from the blood of other animals, or 
from human blood. Globin is a simple protein which is soluble at 
its iso-electric point. It is obtained by removing the iron-containing 
chromogen fraction from the hemoglobin molecule. Globin does 
not yield histopeptone on hydrolysis, and therefore should not be 

* Some authorities mix the rapidly and slowly artinc insulin" in the syrince and 
inject them simultaneously. This technique has Leon unsatisfactory in our hand". 
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classified as a histone. 4 The globin insulin used in this study was 
prepared in the Experimental Research Laboratories of Burroughs, 
Wellcome and Company. It contains 3.04 mg. of globin, 0.24 mg. 
of zinc, and 80 units of insulin per cc. 6 It is a clear, yellowish fluid 
having a pH of 3.7. 

Methods.— Before attempting the routine treatment of diabetic patients 
with globin insulin it seemed advisable to determine the time of onset, the 
intensity, and the duration of the hypoglycemic effect produced by a single 
injection of this product and to compare the results with those produced 
by single doses of the types of insulin now in common use. 

Forty-two patients from the medical wards were studied during this 
investigation; the results observed in 5 patients, each representative of a 
similar group, are reported in detail. They are: a non-diabetic adult (T.B.), 
an elderly man with very mild diabetes (A.Z.), a middle-aged man with 
mild diabetes (J.J.), a slender middle-aged man noth severe diabetes (D.C.), 
and a young man of 18 years having very severe diabetes (H.M.). All of 
the patients were in the hospital for the duration of the stud 3^. During 
this period they were given weighed diets appropriate for their metabolic 
needs. Those who required insulin received their usual daily dose between 
the periods of observation. In order that the results might not be confused 
by the presence of insulin which was not yet absorbed and utilized, the 
subjects received no insulin for at least the 36 hours preceding the injection 
of the test doses. They received their usual meals during this period. The 
amount of insulin in the test dose given to each subject was determined on 
the basis of the severity of the diabetes as judged by his age, body weight, 
and the amount of insulin previously required. Upon the day of the test 
the insulin was given after venous blood had been obtained for determina- 
tion of the fasting blood sugar level.* To maintain a uniform intake of 
carbohydrate throughout the period of observation, fruit juice, containing 
20 gm. of carbohydrate, was given to each subject at the time of the admin- 
istration of the insulin and at intervals of 2 hours thereafter until the con- 
clusion of the test. Determinations of the blood sugar level were also made 
at intervals of 2 hours. In almost all instances the observations were con- 
tinued until the blood sugar values had risen from the hypoglycemic values 
to the original fasting levels. The observations were repeated at intervals 
of at least 1 week until all three insulins were tested. 

Case Reports. Case 1.— T.B., a white male, aged 47, height 172.7 cm. 
(68 inches), weight 70.8 kg. (15G pounds), was admitted on December 22, 
1939, because of vomiting and a history of “tarry stools.” Studies failed 
to reveal any pathologic change in the gastro-intestinal tract. There was 
no evidence of diabetes mellitus. He was given a diet containing protein 
70 gm., carbohydrate 175 gm., and fat 83 gm. (1750 calories). No insulin 
was given except upon the days selected for the tests. The dose of insulin 
selected for this patient was 15 units, as this was considered sufficient to 
give a moderate degree of hypoglycemia without producing unconscious- 
ness. The fasting blood sugar concentration varied between 84 and 100 mg. 
per 100 cc. Following the separate administration of unmodified and 
of crystalline insulin there was in each instance a reduction in the blood 
sugar level within 4 hours to a level of 76 and 49 mg. per 100 cc., respectively. 
The fasting level was restored within 10 hours after the injection in both 
instances. Wien protamine zinc insulin was given, the blood sugar level 
fell very slowly from a fasting level of 97 mg., reaching 77 mg. per 100 cc. 
in 10 hours and maintaining a low level for 21 hours. Wien globin insulin, 

* Determinations of the blood sugar level were made using Benedict's modifica- 
tion of the micro-method of Folin and Wu. 
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15 units, was given, the blood sugar level fell from a fasting value of 
100 mg. to 78 mg. per 100 ce. in 4 hours. The blood sugar concentration re- 
mained fairly constant about this level until 20 hours had elapsed. The 
fasting level was restored by the end of 22 hours (see Chart 1). 



TIME (HOUR.5) 

Ch\bt 1. — Case 1 (T.B.). Globin insulin (15 units) lias a more prompt but not 
as prolonged hypoglycemic action as protamine zinc insulin, and a more gradual and 
more prolonged action than the same doses of crystalline and unmodified insulins. 


Comment. There is a contrast in this non-diabetic subject be- 
tween the effects of 15 units of unmodified and of crystalline insulin, 
both of which had a rapid but evanescent action, and protamine 
zinc insulin, which had a retarded and prolonged action. The action 
of globin insulin like that of unmodified and crystalline insulin 
began soon after its injection but was continued for a much longer 
time than was the case with either of these insulins. This prolonga- 
tion of action is, however, slightly less than that observed with 
protamine zinc insulin. 

Case 2. — A.Z., a white male, aged 62, height 165.7 cm. (66 inches), 
weight 61.2 kg. (135 pounds), was admitted on September S, 1939. He had 
a history of diabetes mellitus of 9 years’ duration. This patient had never 
required insulin and lie was free from glycosuria when the diet contained 
protein 80 gm., fat 6S gm., and carbohydrate 140 gm. (1500 calories). For 
the purposes of this study 30 units of each of the insulin preparation? were 
employed. Unmodified insulin reduced the blood sugar level from 90 to 
51 mg' per 100 cc. during the first 4 hours. The blood sugar returned to the 
famine level bv the 14th hour. A similar, but more rapid reduction in the 
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blood sugar concentration was observed after the administration of crystal- 
line insulin. Protamine zinc insulin reduced the blood sugar level, par- 
ticularly after 4 hours, to reach a minimum of 53 mg. per 100 cc. in 18 hours. 
The fasting value was not regained in 28 hours. When globin insulin was 
given, the blood sugar values rose during the first 4 hours from 91 to 114 mg. 
per 100 cc., after which a prompt reduction ensued. The fasting level was 
not regained until the 32nd hour (see Chart 2). 



Chart 2. — Case 2 (A.Z.). Globin insulin (30 units) has the same intermediate 

effect as in Chart 1. 


Comment. Unmodified and crystalline insulin each caused a 
prompt but fleeting reduction of the blood sugar level. Protamine 
zinc insulin exerted a gradual but prolonged blood sugar lowering 
effect. The effect of globin insulin fell between that of the rapidly 
and slowly acting insulins. It reduced the blood sugar level more 
quickly than did the protamine zinc insulin and more slowly than 
did the crystalline insulin. Its effect persisted longer than that of 
crystalline insulin and yet not as long as that of the protamine zinc 
insulin. 

Case 3. — J.J., a colored male, aged 56, height 173.9 cm. (6S( inches), 
weight 76.2 kg. (1 68 pounds), was admitted on January 9, 1940. His 
diabetes was of 2 yearn’ duration. On a previous admission he received a 
diet containing protein 72 gm., fat 132 gm., and carbohydrate 132 gm. 
(2000 calories) and 48 units of protamine zinc insulin, and IS units of 
unmodified insulin before breakfast each morning. During this investiga- 
tion the same diet was prescribed. On successive weeks lie was given a 
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test dose of 48 units of globin, protamine zinc and crystalline insulin respec- 
tively. Globin insulin promptly reduced the blood sugar concentration 
from 154 mg. to 50 mg. per 100 cc. during the first 6 hours following which 
the blood sugar concentration rose gradually to exceed the original fasting 
level at the 24th hour (see Chart 3). After the administration of protamine 
zinc insulin the blood sugar level rose slightly- from 140 to 145 mg., in the 
first 2 hours and then fell gradually to levels between 97 and 137 mg. per 
100 cc. which were maintained until the conclusion of the period of observa- 
tion 28 hours after administration. Prior to giving 48 units of crystalline 
insulin, the fasting value of the blood sugar was 121 mg. per 100 cc.; the 
level rapidly fell to 35 mg. in the first 2 hours after the insulin was given 
and then it gradually rose to levels above the fasting value at the 22nd hour. 



TIME (HOU R.5) 


Chart 3.— Case 3 (J.J.). The intermediate effects of 4S units of globin insulin 
are depicted. The mildness of the diabetes prevents making conclusions concerning 
the duration of the effects of the respective insulins. 


Comment. The immediate hypoglycemic response following the 
injection of crystalline insulin is in contrast with the slightly slower 
response to globin insulin and the very gradual lowering of the 
blood sugar level after protamine zinc insulin was given. The 
similarity of the curves obtained from plotting the blood sugar 
values obtained between the 6th and 24th hours following the 
injection of crystalline and globin insulin is a phenomenon often 
observed in patients who have a mild diabetes in whom the onset 
of insulin action is evident but in whom it may be impossible to 
tell when it ends. In these patients the blood sugar level may not 
rise promptly when the insulin action is exhausted. 

Case 4.— D.C., a white male, aged 55, height 1G2.5 cm. (G4 inches), 
weight G1.2 kg. (135 pounds), was admitted on August 28, 1939, with a 
history of having had diabetes approximately 2 years. A diet containing 
protein 70 gm., fat 11G gm., and carbohydrate 200 gm._(2200 calorics) was 
prescribed. The test dose of 78 units of unmodified insulin reduced the 
blood sugar level from a fasting value of ISO mg. to 41 mg. per 100 cc. 



DUNCAN, BARNES : COMPARISON OF TYPES OF INSULIN 559 


during the first 4 hours after which it rose, reaching 216 mg. 12 hours after 
the injection. After 78 units of protamine zinc insulin were given there 
was a rise in the blood sugar level from 183 mg. to 209 mg. per 100 cc. 
during the first 4 hours and then a reduction ensued and values within the 
limits of normal were maintained from the 10th to the 26th hour. The 
same amount of globin insulin (78 units) caused the blood sugar level to 
fall from a fasting level of 214 mg. to 58 mg. during the first 2 hours, to 
38 mg. per 100 cc. in the next 2 hours. Subsequently, the values increased 
slowly until the 18th hour, after which it quickly rose to the fasting level 
(see Chart 4). 



TIME ( H O U RLS) 

Chart 4.— Case 4 (D.C.). The speed with which the blood sugar levels were 
reduced and the duration of the hypoglycemic effects of 78 units each of globin, 
crystalline and protamine zinc insulins are demonstrated. 


Comment. In this patient, with a more severe diabetes than 
had the preceding patients, the contrast between the effects of the 
various types of insulin is even more clearly discernible. The time 
of the onset of insulin action is clear-cut and the blood sugar con- 
centrations rose promptly when the insulin action was exhausted. 
The effect of unmodified insulin was at an end by the 10th hour, 
that of protamine zinc insulin was exhausted at the 28th hour, and 
that of globin insulin at the 20th hour. 

Case 5.— H.M.', a white male, aged IS, height 165 cm. (65 inches), 
weight 56.7 kg. (125 pounds), was admitted on January 5,1 910, with a 
history of having had diabetes one year. He was allowed a diet containing 
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protein 100 gm., fat 133 gm, and carbohydrate 300 gm. (2200 calories), 
and he was found to require 75 units of protamine zinc insulin with 32 units 
of unmodified insulin in the morning and 18 units of unmodified insulin 
before supper. Following the test dose of 80 units of unmodified insulin 
there was a prompt reduction of the blood sugar level from 264 mg. to 58 mg. 
per 100 pc. during the first 4 hours. After the 10th hour the blood sugar 
rose rapidly to high levels. A similar effect was observed following the 
injection of 80 units of crystalline insulin. After 80 units of protamine zinc 
insulin were given the blood sugar rose from a fasting level of 247 mg. to 
284 mg. per 100 cc. during the first 4 hours after injection, and then gradually 
fell, reaching normal, values between the 14th and 18th hours. The level 
then rose slowly. although the fasting level was not regained by the 34th 
hour after injection of the insulin. When SO units of globin insulin were 
given. the blood sugar values fell, at first slowly, and then more rapidly, 
reaching a level of 84 mg. per 100 cc. at 10 hours after the insulin was 
given. The blood sugar level rose from 95 to 173 mg. per 100 cc. between 
the 24th and 26th hours (see Chart 5). 



Cnurr 5. — Case 5 (H.M.). The intermediate effect of globin insulin (SO units) 
in a patient having a severe diabetes is depicted. 


Comment. The results in this case depict: 1, The similarity of 
the speed, intensity and duration of the effects of unmodified and 
of crystalline insulin as has been previously observed and reported. 3 

2, The definite delay in the effect of the protamine zinc insulin is 
typical of the results which have been described by many observers. 

3, The effect of globin insulin on the blood sugar level was apparent 
within 2 hours and was most marked between the 4th and 12th 
hours, maintaining a normal or hypoglycemic blood sugar level 
until the 24th hour. When a larger dose (120 units) was given, in a 



Table 1.— Blood Sugar Values Depicting the Comparative Hypoglycemic Effects of Identical Quantities of the Various Specified Insulins. 

Blood sugar (mg./lOO oc.) shown in hours after dosage. 

Case Ht. Wt. Type of Dosage Fast- 

No. Ft. Sev. Age. (cm.). (kg.). insulin. (units), ing. 2. 4. 6. 8. 10. 12. 14. 16. 18. 20. 22. 24. 26. 28. 30. 32. 34. 

1 T.B. M 47 172.7 70. S Unmodified 15 92 CO 76 80 89 92 101 92 105 
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subsequent test, the blood sugar fell more rapidly and the lower 
level was maintained for a longer period, illustrating the importance 
of the size of the dose in considering the duration of action of any 
type of insulin. 

Discussion. Globin insulin, in all but one of the subjects upon 
whom observations were made, had a blood sugar-lowering action 
which began within 2 hours after its injection. This effect reached 
a maximum intensity between the 2d and Sth hours, and was main- 
tained for 18 to 24 hours. The hypoglycemic action during the 
first 4 hours was slower than that of identical doses of unmodified 
and crystalline insulin but more rapid than that of protamine zinc 
insulin. The period of maximum effect was observed to begin 
sooner and ceased somewhat earlier than when protamine zinc 
insulin was given. Thus from a practical application the quicker 
action of globin insulin tending to prevent postcibal hyperglycemia 
would reduce the need of supplemental doses of unmodified or 
crystalline insulin. 

The blood sugar level reached the lowest point from the Sth to 
the 10th hour after the administration of globin insulin. This 
corresponds with the observations of Bauman that patients receiving 
globin insulin, in their routine treatment, are prone to have hypo- 
glycemic reactions between 4 o’clock in the afternoon and dinner 
time unless appropriate shifting of the diet is made to prevent them. 

In the patients who received moderately large doses of insulin 
(Cases 3, 4 and 5), there was a slightly greater hypoglycemic effect 
from the globin than from the protamine zinc insulin. Our attention 
was first drawn to this phenomenon during the observations upon 
patient H.M. (Case 5). This patient’s total daily requirement had 
been 125 units (protamine zinc and crystalline insulin). We, there- 
fore, decided upon 120 units as a proper test dose of each insulin. 
When this amount of globin insulin was given, his blood sugar 
level reached 56 mg. per 100 cc. on the 10th hour and normal 
values were not restored until the conclusion of our observations 
at the 28th hour. Subjectively, he was uncomfortable throughout 
this period and was semi-stuporous part of the time. The observa- 
tions were repeated using SO units as the test dose. Even with this 
amount of globin insulin the blood sugar level was as low as 55 mg. 
as compared with a minimum value of 91 mg. when an equal quantity 
of protamine zinc insulin was administered. This observation 
confirms our clinical experience in the routine treatment of diabetic 
patients; namely, that unit for unit globin insulin has a greater 
hypoglycemic effect than protamine zinc insulin. These studies 
will be the subject matter of another publication. 

S umm ary. Observations on the comparative efieets of equal 
quantities of unmodified, crystalline, protamine zinc and globin 
insulins have been made on 42 patients and the results reported in 
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4 diabetics and 1 normal control, all of whose carbohydrate intakes 
were uniform throughout the tests. 

In each instance there was a distinct contrast between the effect 
of either unmodified or crystalline insulin which begins quickly and 
is soon ended, the effect of the protamine zinc insulin which is 
delayed in appearing and is prolonged, and the effect of globin 
insulin which fell between these extremes. 

The blood sugar-lowering effect of globin insulin began soon after 
injection of the insulin and gradually increased in intensity until 
between the 8th and 12th hours after the injection. The effect then 
gradually subsided. The apparent effect of globin insulin in the 
non-diabetic and 2 subjects having a mild and 1 having a severe 
diabetes persisted for 20 hours after it was injected. In 1 patient 
having severe diabetes and receiving a larger dose the effect per- 
sisted for 24 hours. 

Globin insulin has a quantitatively greater effect, unit for unit, 
than protamine zinc insulin. 
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STUDIES ON THE HEMORRHAGIC AGENT 3,3'-METHYLENEBIS 
(4-HYDROXYCOUMARIN). 

I. Its Effect on the Prothrombin and Coagulation 
Time of the Blood of Dogs and Humans.* 

By James B. Bingham, M.D., 

INSTRUCTOR OF MEDICINE, 

Ovid O. Meyer, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, 

AND 

Frederick J. Pohle, M.D., 

ASSISTANT PROFESSOR OF MEDICINE, 

MADISON, WI8. 

{From the Department of Medicine, University of Wisconsin Medical School. 

In 1921 Schofield 180 ' 6 in Canada described a serious and some- 
times fatal hemorrhagic disease in cattle which he attributed to 
the ingestion of spoiled sweet clover hay or silage. At about the 
same time Roderick 160 ' 6 - 17 in this country studied the condition 

* This study was aided in part by a grant from the Wisconsin Alumni Research 
Foundation. 
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extensively and concluded that the cause of the delayed coagulabil- 
ity was a gradual diminution in the prothrombin of the blood. 
Quick 14 confirmed this conclusion. In 1934, Prof. K. P. Link and 
his associates of the Wisconsin Agricultural Experiment Station at 
the University of Wisconsin undertook the task of identifying the 
toxic factor in spoiled sweet clover. This work established the fact 
that the hemorrhagic agent was a dicoumarin compound. Later 
they succeeded in isolating and crystallizing the active principle, 
and have synthesized the biologically active substance and a large 
number of active pure crystalline derivatives. This splendid work 
was fully described in a series of publications 4-7 ' 11 ' 12,21 in the fall of 
1940 and spring of 1941. In pure state this hemorrhagic agent 
is optically inactive, has a low solubility in ordinary organic solvents 
but is soluble in dilute alkalies. It was unequivocally demon- 
strated by Stahmann, Huebner and Link 21 through degradation 
reactions and by synthesis that the hemorrhagic agent, CkUisOg, 
was the dicoumarin 3,3'-methvlenebis (4-hydroxvcoumarin). The 
chemical, physical and biologic properties of this product and of 
the agent occurring naturally in spoiled sweet clover were found to 
be identical. 

In the early studies of hemorrhagic disease of cattle, Roderick 
observed no significant changes in the non-protein nitrogen, blood 
calcium, acid-base equilibrium, or icterus index. Occasionally the 
blood sugar was high, usually it was normal. Schofield 184 found 
upon postmortem examination gross lobular lesions in the liver to 
which he attributed the hemorrhagic tendency. Roderick, 1Ca ' 4 on 
the other hand, observed only areas of focai necrosis, and these in 
but half of the cases. He believed that the lesions described by 
Schofield were due to postmortem change. Roderick found little 
evidence of serious impairment of the liver function. The hemor- 
rhages occurred at different sites but were especially frequent in 
the subcutaneous tissues and in the fascia of muscles. Gross and 
microscopic examination of the blood-vessels did not show changes 
that would explain the hemorrhage. 

It was recognized that if the disease with hemorrhagic manifes- 
tations was not too far advanced, it could be cured by eliminating 
the spoiled clover from the diet or by injecting blood serum or whole 
blood from healthy animals. 

Experiments performed on rabbits by Quick 14 indicated that the 
feeding of alfalfa would counteract the bleeding tendency resulting 
from the feeding of toxic clover, but Smith 19 reported that alfalfa 
failed to prevent hemorrhagic sweet-clover disease. Some observa- 
tions to be reported here tend to confirm the substance of these 
latter investigations. 

We had followed with much interest the studies of Professor Link 
and his associates, for it was obvious that this substance might have 
important clinical application as a substitute for heparin in the 
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prevention of thrombosis. The considerable difficulty of purifying 
heparin, the resultant high cost, and the necessity for repeated or 
continuous intravenous administration made it desirable that simi- 
lar agents without these handicaps be sought. The relatively low 
cost and the efficacy with which 3,3'-methylenebis (4-hydroxy- 
coumarin) can be orally administered made the possibility of utiliz- 
ing this material attractive. 

With the synthesis of the hemorrhagic substance, large, relatively 
inexpensive quantities were made available for study upon larger 
animals and, if found feasible, upon human beings. This material 
was first furnished us through the kindness of Professor Link in 
September of 1940, since which time studies upon the pharmacologic 
and clinical properties have been made. The very generous co- 
operation of Dr. Mark Stahmann and Professor Link has facilitated 
this work. 

It is the purpose of this communication to relate our experiences 
with this synthetic dicoumarin. 

Prior to our study of this dicoumarin it had been established that 
this material produced prolongation of prothrombin time and delay 
in the coagulation of blood in rabbits and in dogs. It appeared to 
us that subsequent investigations should be directed, first, to eluci- 
date the morphologic changes that might occur in dogs when so- 
called therapeutic and toxic doses were given; second, to establish 
the range between the effective therapeutic dose and the minimal 
lethal dose and thus determine the margin of safety; third, to deter- 
mine whether this material reduced prothrombin in human beings 
as it does in cattle, rabbits and dogs; and fourth, to demonstrate, if 
possible, whether the administration of this dicoumarin in safe 
dosage would actually prolong the time of or prevent intravascular 
clotting. The fifth and very important point was, of course, to 
establish whether or not the material would prevent the develop- 
ment of thromboses in human beings; everything preceding is 
directed toward this major aim which can be settled only by exten- 
sive investigations in the future. Finally, the mode of action of 
the dicoumarin is important, but this matter has been little investi- 
gated to date. 

Methods. Prothrombin time was determined on undiluted plasma by 
Pohle and Stewart’s 13 modification of Quick’s technique. In both dogs and 
patients, one or more normal controls were always utilized for check upon 
the technique and potencj' of the thromboplastin. Thromboplastin giving 
a normal time of 10 to 11 seconds in human beings and 5.5 to 6.5 seconds in 
dogs was used. For convenience, the approximate percentages of prothrom- 
bin in human plasma were derived from the chart of Pohle and Stewart. 
By this estimation, a time of 12.5 seconds indicates concentration of about 
50% prothrombin; 19 seconds, 25% prothrombin; and 30 seconds, 12.5% 
prothrombin. In dogs a prothrombin time of 7 to 8 seconds indicates an 
approximate reduction of prothrombin to 50% of normal; 9.5 to 11 seconds 
to 25% of normal; and 15 to 20 seconds to about 12.5% of normal. A 
time longer than 45 seconds was generally less accurate because of the 

VOL. 202, NO. 4. — OCTOnEH, 1041 19 
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greater difficulty in determining the end point. The work of Link 12 and 
his associates indicates that the concentration of the plasma used will affect 
the absolute values (% prothrombin). The values of prothrombin in 
per cent are therefore presented with reserve. 

The coagulation time was measured by the 2-tube method of Lee and 
White at room temperature. The tubes were scrupulously clean and the 
syringe clean and wet. Care was taken to avoid too great suction in the 
collection of samples, to avoid air bubbles, and to transfer the blood to the 
test tubes with a minimum of agitation. Times longer than 14 minutes in 
humans and 12 minutes in dogs were felt to be abnormal. 

Materials. 3,3'-methyIenebis (4-hydroxy coumarin) was used exclusively 
in oral administration experiments and the disodium salt of this substance 
was the only material used intravenously. These materials were furnished 
to us ready to use by Stahmann and Link. 



TIME IN DAYS 

Chart 1 . — The effect of a single oral dose of 3,3'-methylenebis (4-bydroxycouraarin) 
upon the prothrombin time of a dog. 


Experiments. In all early experiments the powdered substance 
was given by mouth in gelatin capsules, in varying doses, to dogs 
that had not been fasted. In later experiments, when the approxi- 
mate effective and safe dosage had been established, the disodium 
salt of 3,3'-methylenebis (4-hydroxycoumarin) was given intra- 
venously to exclude the factor of variable absorption. A fairly 
characteristic effect upon prothrombin time of a single dose of the 
dicoumarin is shown in Chart 1 where 50 mg. (3 mg. per kilo) was 
given to Dog 2. Twenty-four hours after the material was admin- 
istered the prothrombin time was slightly longer, still longer after 
4S hours, attained its maximum after 4S hours, and then gradually 
returned to approximately the normal level on the 6th day. Chart 2 
shows the effect of administration of repeated large doses to a dog 
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(No. 73) in which marked changes in both the prothrombin time and 
coagulation time were effected. 

Observations in Dogs. Link and his associates demonstrated that 
the 3,3'-methylenebis (4-hydroxycoumarin) was capable of produc- 
ing deficiency of prothrombin in the blood of animals. Heretofore, 
it had been demonstrated that prothrombin deficiency in man is 
caused by lack of absorption of the fat-soluble vitamin, as in obstruc- 
tive jaundice, enteric disease, idiopathic steatorrhea, sprue, and 
gastro-colic fistulas. 1,3 * 9,20 Deficiency of vitamin K in the newborn 
is presumably due to failure of bacterial synthesis. 15 Prothrombin 



TIME IN DAYS 

Chart 2. — The effect of repeated doses of 3,3'-methylencbis (4-hydroxycoumarin) 
upon the prothrombin time and coagulation time of a 14-kg. dog. 

deficiency is also associated with extensive hepatic disease and here 
the administration of large quantities of vitamin K is often not cor- 
rective because the liver is unable to synthesize prothrombin. 843 
Hence, despite the report of Roderick that no gross lesion was found 
in the liver of cattle dying of hemorrhagic sweet clover disease, it 
was our feeling that one might be dealing with a potentially danger- 
ous substance. Therefore, the early studies were directed toward 
evaluating the toxicity of this material in dogs. 

Originally the material was given in large and repeated doses, as 
shown in Table 1. 
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Dog 6, after the development of hemorrhage, recovered and 
Dog 11 died after showing marked prolongation in coagulation. 

The death of these animals could usually he predicted 2 or 3 days 
in advance. They became listless, had dyspnea, tachycardia and 
fever, and gave evidence of hemorrhage internally, externally or 
both. Tarry stools were often observed. The symptoms of a 
single massive fatal dose given orally or intravenously were different 
and will be discussed below. 

Postmortem examination was made of 25 dogs, including gross 
and microscopic examination. Hemorrhage at some site was de- 
monstrable in all dogs. In all cases there was subcutaneous and 
intramuscular hemorrhage. Frequently there was gross hemorrhage 
in the gastro-intestinal tract and in the pleural spaces, and multiple 
small hemorrhages of the lungs. In no instance was there demon- 
strated, grossly or microscopically, significant parenchymatous dis- 
ease of the liver, kidney, or other organs. Occasionally, there was 
evidence of moderate hydropic degeneration of the liver but nothing 
more. There was, however, in most of the animals that received 
fatal doses, marked dilatation of capillaries, small arteries and veins. 
This was especially marked in those animals that died acutely from 
massive doses. No lesions in the walls of the vessels were demon- 
strable. This vascular dilatation was widespread in all viscera and 
was very striking. It impressed us greatly, since it was also ob- 
served, sometimes in lesser degree, in animals receiving non-fatal 
doses that were sacrificed for pathologic study. 

The average oral dose per kilogram administered to the 6 dogs 
that died varied from 71 to 282 mg. per kilo. It has been repeatedly 
demonstrated that the fatal oral dose varies considerably and that 
a single massive dose is less likely to kill than are divided doses. 
This is exemplified in Dog 15 of Table 2, which received 5000 mg. 
(415 mg. per kilo) and yet survived with only moderate prolongation 
of the prothrombin time. Dog 72 of Table 1, on the other hand, 
died after a total dosage of only 1200 mg. (116 mg. per kilo), given 
in four divided doses. However, small doses of 3,3'-methylenebis 
(4-hydroxycoumarin) can be given for long periods without appar- 
ent toxicity. Thus 2 dogs of 14 and 15 kilos each received 10 mg. 
of the material daily for 26 days without symptoms or prolongation 
of the prothrombin time, indicating that there is not a large factor 
of cumulation in subminimal effective doses. 

In Table 2 is shown the effect of oral administration of single 
doses of 3,3'-methyIenebis (4-hydroxycoumarin) upon the prothrom- 
bin time of dogs. The doses were quite variable, and the maximal 
dose of 5000 mg. to Dog 1 produced death in 15 hours, the dog dem- 
onstrating marked dyspnea, convulsions, coma, and hyperthermia 
before death but no hemorrhagic manifestations during life or at 
autopsy. It will be noted that there is, within limits, some correla- 
tion of prothrombin time prolongation with the size of the dose of 
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the dicouniarin, as will be shown later. However, there may he 
marked exceptions to this rule. Doses as small as 2 mg. per* kilo 
produced significant prolongation of the prothrombin time and a 
dose of 90 mg. per kilo by mouth in Dog 2 produced gross prolonga- 
tion of prothrombin time, to 300 seconds. In smaller single doses 
by mouth, 3 to 8 mg. per kilo in dogs, significant changes in the 
prothrombin time were routine, but significant changes in the coagu- 
lation time could be demonstrated only occasionally. 


Table 2.— -Effect of Single Oral Doses of 3,3-Methtlenebis (4-HyDROxr- 
coumarin) Upon Prothrombin Time in Dogs. 

(Prothrombin time in seconds.) 


Dog 

No. 

Oral dose 
per dog, 
mg. 

Dose per 
kg., 
mg. 

Days: 

0 

1 


3 

4 

1 

6 

7 

8 

9 

10 

1 

5000 

300 

5 o' 











2 

50 

3 

O 0 

9 

15 

14 5 

8.5 

7 

5 o 

5 5 




2f 

1500 

90 

5 5 

10 

38 

16? 

300 

150 

17 

7 5 




3 

100 

7 8 

6 

8 

16 5 

11 

20 

10 

15 5 

9 

7 

8 

6 

4 

200 

11 5 

6 

35 

24 


15? 







•St 

250 

13 

6 5 


IG 

24 5J 








35 

50So 

415 

fi 

10 

15 5 


20 







41 

50 

7 

6 

s 

18 5 


9 5 


G 





44 

50 

5 

G 

7 5 

12 


5 5 







45 

50 

1 4 

5 5 


11 

9 

6 5 







46 

50 

o 

6 


9 5 

9 

7 







47 

50 

3 3 

a 5 


10 

13 

7~5 







4S 

50 

2 5 

5 5 


8 

8 

5 5 




6 



52 

50 

3 5 

5 5 


10 

S 

7 







53 

50 

12 5 

6 


10 


7 







54 

.50 

3 3 

6 


115 

95 

7 








* Dead in 15 hours (no hemorrhage), 
f Interval of 2 months between first and second eipcriment. 
t Killed for pathologic study. 


In no dog other than No. 1 of this group were symptoms of any 
type demonstrable, as a result of administration of the dieoumarin. 

During the course of the experiment 6 dogs (Nos. 41, 44, 45. 46, 
47 and 48) received 2 mg. of Proklot-Lillv (2 methyl-1 , 4-naphtho- 
quinone) by mouth daily, the first dose being given the day the 
dieoumarin was administered. Dogs 52, 53 and 54 received 1 mg. 
of Svnkamin-Parke-Davis (4 amino-2 methvl-1 naphthol) intra- 
muscularly daily. Neither the oral nor the intramuscular adminis- 
tration of the vitamin Iv appeared to have any effect whatever upon 
shortening the prothrombin time which had been prolonged by the 
dieoumarin. 

Inf rare nous Administration of the Dieoumarin. The administra- 
tion of the disodium salt of 3,3-methylenebis (4-hydroxycoumarin) 
intravenously has been carried out in 21 dogs. Single doses vary- 
ing from 0.5 to 50 mg. per kilo were given. Doses of 35. 40 and 
50 mg. per kilo were each given to 2 dogs, and all 6 dogs died within 
IS hours after administration. Before death, the dogs became 
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dyspneic and comatose. Fever as high as 110° has been recorded. 
None demonstrated hemorrhage before death or at autopsy. One 
animal that received 20 mg. per kilo died on the 7th day after the 
dicoumarin was given, from hemorrhages in the small and large 
bowel, but one animal survived a dose of 31 mg. per kilo with only 
transient symptoms and without evident hemorrhage. 


Table 3.— Effect of Intravenous Doses of 25 Mg. per Kilo of 3,3-Methvl- 
enebis (4-Hydroxycoumarin) Upon the Prothrombin Time and 
Coagulation Ttme of Dogs. 


Dog 

No. 

Wt., 

kilo. 

Total 

dose, 

mg. 

Days: 

6 

1 

2 

3 

1 

4 

t 

5 

■ 

6 

fl 

8 

9 

1° 

11 

12 

13 

14 

74 

14 2 

355 

5.5* 

9 

13 

22 

33 

35 

12 5 

8 

65 


n 

5 5 







n 5f 

it 

9 

17 

SI 

17 

19 

11 

I 6.6 


m 

7 6 




75 

10.2 

255 

5 5 

12 

13 

m 

145 

900 

240 

Ell 

45 

45 

8 

6 

6 

m 

5 5 




9 5 

9 

11 

17 

£9 

12 

SI 

I SO 

16 6 

51 

8 

9 5 

9 5 

9 

6 5 

76 

13 2 

330 

5 5 

■a 

16.5 

24 

39 

26 

120 

si 

150? 

12 5 

m 

m 

10 

7 5 

5 5 




6 5 

u 

11 6 

i" 


10 

16 

16 

12 

11 6 

7 5 

6 

9 6 

C 5 

5.5 


♦ First Row: Prothrombin time in seconds. t Second Row {italics): Coagulation time in minutes. 


Doses of 1 to 2 mg. per kilo characteristically increased the pro- 
thrombin time from 5 or 5.5 seconds to a maximal of from 9 to 11.5 
seconds on the second day after administration, and invariably the 
prothrombin time was normal on the 4th day. Larger doses produced 
a more profound and sustained effect. The effect upon the prothrom- 
bin time and coagulation time of administering 25 mg. per kilo to 3 
dogs of a single experimental group is shown in Table 3. In none of 
these dogs were there symptoms other than slight dyspnea for a few 
hours. It appears from these and other experiments that 25 mg. 
per kilo is close to the maximal intravenous dose for dogs. 

Intravascular Clot Formation. It has been demonstrated that 
the decrease in prothrombin in humans as a result of vitamin K 
deficiency was only occasionally associated with a prolongation of 
coagulation time until the level of prothrombin was dangerously 
low, 30% of normal or less. Hence it was our feeling that it might 
be unsafe to administer this hemorrhagic agent to man in dosages 
that would produce reduction of prothrombin concentration to less 
than 40% to 50%, nor to reduce it sufficiently to cause prolongation 
of the coagulation time. It was believed, however, that if the 
prothrombin was reduced to about 50% of normal, and maintained 
at this level, intravascular clotting might be retarded even though 
clot formation in a test tube was not prolonged. Hence studies 
were made in an attempt to demonstrate that intravascular dotting 
could be prolonged by the administration of 3,3'-methylenebis (4- 
hydroxycoumarin) in doses which appeared to us to be safe for 







































572 


BINGHAM, MEYER, l'OIILE: 


therapeutic purposes. Several methods of producing and studying 
the clot formation, such as traumatizing the vascular wall, inserting 
a cannula between artery and vein, and others were tried without 
success. The studies here reported were done by the following 
method: 

The external jugular veins of the dog were exposed under mor- 
phine and nembutal anesthesia, care being taken to ligate all small 
branches. With vessels completely free, rubber-padded clamps were 
applied about 3 inches apart, the vein emptied of blood, and 2 cc. 
of monolate (monoethanolamine oleate) Abbott injected into the 
lumen between the clamps with a 26-gauge needle and allowed to 
remain for 3 minutes. The clamps were then removed to allow 


OOSE UOS/KC 



Chart 3. — The effect of 3,3'-methy!encbis (4-hydroxycoumarin) upon the intra- 
vascular clotting time in dogs. The material was administered orally 48 to 90 hours 
prior to the experimental observations. Each vertical column represents an experi- 
ment and each dot represents the time of clot formation in one vessel. The pro- 
thrombin time in seconds in 'each experiment is indicated by the figures in the 
respective columns. 


blood to wash through the veins for 1 minute. Five minutes after 
reapplication of the clamps, the vessel was gently palpated at 
intervals of 1 minute to check upon the formation of a clot. This 
method of detection gave quite consistent results when checked 
with the opposite vein immediately afterwards. The vessels were 
always opened to check the palpatory findings and sometimes 
opened when no clot was felt to check the technique. Palpation 
of the second side was repeated at less frequent intervals to keep the 
manipulative factors at a minimum. Even with this refinement, it 
is obvious, however, that the experiment is crude and includes 
variables beside the monolate which will hasten clotting. 

The results of these experiments are shown in Chart 3. 
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Observations on Humans. From the first, despite the apparent high 
tolerance and high therapeutic index of 3,3'-methylenebis (4-hy- 
droxycoumarin) for dogs, we approached the problem of its adminis- 
tration to humans with temerity. The first 12 patients to receive 
the material were, with but 1 exception, patients with advanced 
malignancy. Only 1 demonstrated definite clinical evidence of 
involvement of the liver. 


Table 4.— ErFECT of 3,3'~Methylenebis (4-Hydroxycoumarin) Administered 

Intravenously' to Patients. 


Pt. 

Sex. 

Diagnosis. 

wt., 

kg. 

Dose, 

mg./kg. 

Days: 

0 

i 

2 

3 

4 



7 

8 

9 

s. c. 

M 

Peptic ulcer 

74 



15 5 

15 5 

13 5 

15 5 

j 

12 ! 

11 5 

12 

12 

12 







15 

18 

11 

15 

12 5 \ 

12 

15 5 

14 o 

7 5 

G.G. 

V 

Bronchiogenic 

60 

2 0 

12 

16 



Disc 

harge 

■ 






carcinoma 



•5 5 

12 





■ 




O. N. 

M 

Arteriosclero- 

70 

3 0 

12 

15 

16 

15 

18 

16 

HI 

12 

12 

12 



sis; asthma 



9 5 

1C 

31 

23 

23 

IS 5 

m 

12 

1C 

12.5 

A. W. 

M 

Arteriosclero- 

73 

4 0 

12 

EX 

22 5 

22 

13 

12 

12 






sis 



IP ,5 

H 

IS 

1C 

8 5 

15 

11 1 

i 




L. 

M 

Psychoneuro- 

66 

4 0 

12 

14 

El 

15 

11 5 

12 

■ 

i 





sis 



7 

IS 


n 

7 5 

15.5 

■ 











KB 


? 






D. B. 

M 

Silicosis 


4 0 

11 5 

15 

22 5 

.24 

14 

12 

12 









8 5 

U 

18 5 

1C 

U 

15 

IS 5 





* Control time for this particular Bupply of thromboplastin waa 12 seconds. Dilutions of normal plasma to 
50% gave a time of 16.5 seconds; dilution to 40% gave a figure of 23 seconds with this thromboplastin, 
t First Row: Prothrombin time in Beconds. 
t Second Row (italics)'. Coagulation time in minutes. 


In all observations on humans complete blood counts, urinalyses, 
and blood sugar determinations were made. For several the hip- 
puric acid liver function test, the icterus index, and the cephalin- 
cholesterol test of Hanger, 10 complete blood counts and platelet 
counts, bleeding and coagulation times were done before the dicou- 
marin was administered. In no instance were gross changes in these 
findings observed after administration of the dicoumarin. All these 
patients received the material in gelatin capsules, orally. The first 
patient received 10 mg. of the dicoumarin on the 1st, 3d and oth 
days, 25 on the, Oth, and 50 mg. on the 10th day of observation. 
The other 11 patients, with 1 exception, received single doses rang- 
ing from 50 to 100 mg. (0.75 to 2 mg. per kilo). In 5 of the 11 
patients the prothrombin time was prolonged from an average con- 
trol level of 10 seconds to an average maximal level of 12 between 
the 2d and Oth day after the material was administered. These 
changes, while not marked, appear to us to be significant, since the 
doses were small. Six patients to whom similar dosages were admin- 
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istered showed no prolongation in the prothrombin time. In none 
of the 12 patients was there the slightest clinical evidence to indi- 
cate that the dicoumarin was unfavorably borne. Butt, Allen and 
Bollman 2 have given human beings much larger doses than we have 
administered without the development of toxic symptoms. 

The disodium salt of 3,3'-methylenebis (4-hydroxycoumarin) was 
given intravenously to human beings because of the apparent varia- 
tion in absorption when it was given orally. It was thought that 
the effective therapeutic dose might thus be more readily established. 
To date this material has been given to 10 human beings in doses 
ranging from 0.5 to 4 mg. per kilo without the development of any 
toxic symptoms. The effects of the larger doses upon the prothrom- 
bin time and coagulation time for 6 of these are shown in Table 4. 
The first 4 cases are omitted because the doses were smaller, 1 mg. 
per kilo or less, and produced no discernible effects. The maximal 
therapeutic dose and the optimal effective dose is not as yet es- 
tablished. 

Complete blood counts with platelet estimations, repeated urine 
analyses, blood sugar and non-protein nitrogen determinations, and 
icterus indices were done on all patients at the beginning and end 
of the experimental period. Hippuric acid and cephalin cholesterol 
determinations were made on 4 of the patients before and after the 
experimental period. No significant changes were noted. 

The results show a distinct effect upon both the prothrombin time 
and the coagulation time. The control levels of prothrombin in 
this particular group of experiments are higher than usual for human 
beings with the technique we use, but can be explained by the fact 
that the thromboplastin of this particular time was somewhat less 
potent than that which we usually made. This variation in throm- 
boplastin occasionally occurs, even when it is fresh, and thus the 
need for control observations. 

It woidd seem from these results that rather small doses, 100 to 
300 mg. (2 to 4 mg. per kilo) are sufficient to prolong the coagulation 
time very significantly. Some might even consider these levels 
hazardous, for the possibility of internal or intracranial hemorrhage 
must be considered. On the other hand, the results strongly suggest 
the possible efficacy of the material in preventing thromboses. 

The variation in the effects resulting from doses of different sizes 
is striking. For example, 3 mg. per kilo in Patient O. X. produced 
a more profound effect upon the coagulation time, but not upon the 
prothrombin time, than did doses of 4 mg. per kilo given to Patients 
A. W., A. L. and D. B. This observation calls for considerable 
thought and emphasizes that the proper and safe dosage is vet to 
be worked out. It also emphasizes the need for considerable caution 
in prescribing the dicoumarin until further data are available. 

In Vitro Experiments. The possibility that the 3.3'-methyIenebis 

<4-hydroxycoumarin)imight-prol6ng..the.prothrombin..time in. rrfro 
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was considered. To exclude this possibility, in both dogs and 
human beings, oxalated plasma of 2 dogs and 12 humans was ob- 
tained. To 0.1 cc. of the plasma of each was added 0.1 cc. of water 
and to a second, third and fourth set of test tubes containing 0.1 cc. 
of the plasma of each, was added 0.1 cc.. solution of dicoumarin of 
three different levels of pH, 7.3, 7.8 and 8.5. The solutions were 
then incubated for periods of from 2 minutes to 3 hours. Although 
the prothrombin time increased with the longer incubation periods, 
from 10 to 25 seconds in some instances, the prolongation in the 
controls, where only water had been added, was as great in every 
experiment. It must, therefore, be concluded that this dicoumarin 
does not prolong the prothrombin time in dog or human plasma in 
vitro. This confirms the observations of Link and his co workers A 7 - 12 

Discussion. It is evident that 3,3'-methylenebis (4-hvdroxyeou- 
marin) synthesized by Stahmann, Huebner and Link is fully capable 
of producing prolongation in the prothrombin time and coagulation 
time in dogs and humans. The material is effective when adminis- 
tered orally or, as the disodium salt, intravenously. The prolonga- 
tion in prothrombin time is not effective until 24 hours after adminis- 
tration of the material by mouth, and there is a similar but perhaps 
slightly shorter latent period with intravenous administration. For 
some days, varying with the dose, the prothrombin time becomes 
increasingly prolonged, and then, if no more than the single dose is 
given, gradually returns to normal, usually between the 5th and 
7th day when small doses are given, by the 7th to 10th when large 
doses are given. Whatever the size of the dose, the initial latent 
period was always observed and during the first 2 days the prolonga- 
tion of prothrombin times were approximately the same. Only 
after this period did the larger doses exhibit the greater depression 
of prothrombin activity. Divided doses given orally were more 
effective in reducing the prothrombin than was the same quantity 
given in a single dose; this suggested that above a certain level there 
is some difficulty with absorption of the material. Link 12 and his co- 
workers have reported recovery of considerable quantities of the 
dicoumarin in the feces of animals given massive doses by mouth. 

The ideal dosage of the dicoumarin for human beings is not yet 
established, but it may be said, on the basis of studies in dogs, that 
the maximal tolerated dose when given intravenously is almost 
certainly not much greater than 25 mg. per kilo and perhaps less. 
From our experiments it was suggested that doses of 2 to 4 mg. of 
the disodium salt given intravenously are probably safe; such doses 
prolong the prothrombin time to about 40% to 50% of normal 
and usually prolong the coagulation time significantly. Similar 
dosage by mouth is probably also adequate. The timing of repeated 
doses is yet to be worked out by many observations; for the present 
they should be. individualized by daily determinations of the pro- 
thrombin time and coagulation time. Butt, Allen and Bollman 2 
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have given single doses of 1000 mg. orally, apparently without 
resultant toxicity. 

It is suggested, but not established by experiments in dogs, that 
intravascular clotting may be prolonged by the previous administra- 
tion of the dicoumarin in moderate dosage. Further stud}' of this 
problem is contemplated but it is technically a difficult one, and an 
ideal method of studying intravascular clotting is difficult to attain. 

The treatment of toxic symptoms or signs is confined at present 
to the control of prothrombin and coagulation times. From the 
experiences of Schofield, Roderick, Butt, Allen, and Bollman and 
ourselves, transfusions of serum or whole blood will cause a prompt 
lowering of prothrombin and coagulation times. This effect is not 
sustained and may have to be repeated if the coagulation time 
returns to dangerous levels. 

The frequent observation of profound capillary dilatation that 
follows administration of dicoumarin, as demonstrated at autopsy, 
even when only moderate doses are given, raises the question of a 
gross vascular factor in the hemorrhagic manifestations of sweet 
clover disease in cattle. This factor as a possible contributing 
mechanism in the production of undesirable bleeding when the 
dicoumarin is used clinically must be borne in mind. 

The mechanism by which the dicoumarin prolongs the prothrom- 
bin time, and hence the coagulation time, is not known. Even when 
fatal doses were given to dogs, there were no demonstrable gross or 
microscopic changes in the liver which could be attributed to the 
substance administered. It might be hypothesized that the forma- 
tion of prothrombin in the liver is physiologically inhibited, and 
that only when the prothrombin present in the blood at the time 
of administration of the dicoumarin is used up, is there demonstrable 
prolongation in the time. This would furnish an explanation for the 
usual latent period of 24 hours or more before the prothrombin time 
is increased. The possibility that the function of prothrombin 
formation by the liver is inhibited is strengthened by the fact that 
vitamin Iv administration in adequate dosage is ineffective in pre- 
venting the increase in prothrombin time. Other possibilities to 
explain the effect of 3,3'-methylenebis (4-hydroxycoumarin), of 
course, come to mind, although experimental evidence for them also 
is lacking. Thus the material may, during the latent period, undergo 
change* of some type in the body before it is capable of functioning; 
or the prothrombin produced in the presence of the hemorrhagic 
agent is altered in such a way that it is inactive; or immediately after 
administration a protective mechanism may be set up in vivo which 
prevents the toxic substance from affecting the prothrombin. The 

* Studies undenvay by V. R. Sullivan, R. S. Overman, M. A. Stnlimnnn and 
K. P. Link indicate that the lap period is most likely due to tiie fact that the efTeet 
of the dicoumarin does not l>erome apparent until it has underpone clmnpe in the 
animal orpanism. 
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possibility that the hemorrhagic agent inactivates the vitamin Iv in 
the body, and even the vitamin K administered subsequent to 
administration of thedicoumarin cannot be excluded as a cause for 
the decrease in prothrombin. This material is ineffective in pro- 
longing, the prothrombin time in plasma in vitro. 

The possible importance of 3,3'-methylenebis (4-hydroxycou- 
marin) as a substitute for heparin in the prevention of thrombosis is 
self-evident. The material can be readily prepared at a reasonable 
cost. It can be given orally or intravenously with prolonged effect. 
It is possible that it may, in the future, replace heparin. But much 
is yet to be done. Our knowledge is still of an experimental nature 
•and we feel that its indiscriminate use may be very hazardous, even 
"though the therapeutic index appears to be high. It is urged that 
those who employ this material continue to select the patients care- 
fully, avoiding those w r ith gross hepatic disease, and that for the 
present the apparent minimal effective doses be used. It is our 
plan to continue the study of this interesting substance in the hope 
of establishing its safety and its value in the prevention and treat- 
ment of thrombosis. Its possible advantages in the prevention of 
adhesions, and in vascular surgery and other situations where 
heparin has been used remain to be investigated. 

Conclusions. The synthetic dicoumarin 3,3'-methylenebis (4-hy- 
droxycoumarin) when administered orally or intravenously pro- 
duced, after a usual latent period of 24 hours or more, prolongation 
of prothrombin time and coagulation time in dogs and human beings. 

Therapeutic and fatal doses of this material given to dogs did not 
produce significant pathologic changes in the liver or other paren- 
chymatous organs but did, in many instances, produce capillary, 
arteriolar and venule dilatations. 

No harmful effects were observed from the administration of the 
dicoumarin to humans. 

The administration of synthetic vitamin Iv did not shorten the 
prothrombin time previously lengthened by administration of the 
dicoumarin, but transfusion of blood was temporarily effective in 
shortening the prothrombin time and coagulation time after they 
had been prolonged. 

This dicoumarin may well prove to have an important place in 
clinical medicine as a substitute for heparin in the prevention and 
treatment of thrombosis and in other conditions. 

Dr. John C. McCarter examined the pathologic sections for us and Miss Emily 
Gray prepared the tissues. We wish gratefully to acknowledge their valuable aid. 
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A GLOBULIN-FRACTION IN RABBIT’S PLASMA POSSESSING A 
STRONG CLOTTING PROPERTY. 

By I. A. Parfentjev, Ph.D., 

PEARL RIVER, N. Y. 

(From the Department of Biological Research, Lederle Laboratories.) 

In the course of work on the purification of rabbit plasmas it was 
observed that a certain fraction obtained from these plasmas was 
capable of producing clotting when added to plasma or blood. 
A description of some investigations into the nature of this substance 
with a summary of our findings is given in this paper.* 

Method. A study was made of several fractions of rabbit plasma pre- 
pared by successive precipitating with ammonium sulphate, f The first 
fraction was that precipitated by the addition of 200 gm. of ammonium 
sulphate crystals to eacli liter of diluted rabbit plasma. The precipitate 
was twice redissolved in distilled water in one-half of the original volume 
and reprecipitated at about 20% ammonium sulphate. The final precipi- 
tate was dialyzed for 2 days in' tap water; this fraction was designated I-W. 
In some cases an acid-insoluble portion was removed from the practically salt- 
free dialysate. Acidification of the dialysate to pH 5.3 with normal lactic acid 
and dilution with distilled water if indicated by preliminary test, general!}’ 
removed all water-insoluble proteins. Occasionally- a second, but relatively 
small, fraction of water-insoluble protein could be eliminated by subsequent 
adjustment to pH 5.8. These water-insoluble proteins were suspended in 
1% salt solution at neutrality; they were designated I-W I. The water- 
soluble proteins were adjusted to neutrality, 1 % sodium chloride was added, 
and the material was concentrated by ultrafiltration. This fraction was 
identified as 7-105. 

The second fraction was precipitated by the addition, to each liter of 
filtrate after removal of the first fraction, of 100 gm. of crystalline arnmo- 

* A preliminary report on this subject was published in Science. 93, 328, 1941. 

t We are indebted to Mr. James Jacques lor technical assistance in this frac- 
tionation. 
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mum sulphate. As in the case of the first fraction, the precipitate thus 
obtained was twice redissolved in distilled water and reprecipitated at 30% 
ammonium sulphate. After that the precipitate was dialyzed for 2 days 
in tap water; it was identified as II-W. Further separation into water- 
insoluble ( II-WI ), and water-soluble {II-WS), fractions was effected in a 
manner similar to that employed with the first fraction. 

Addition of 200 gm. of crystalline ammonium sulphate to each liter of 
filtrate after removal of the second fraction precipitated the third fraction. 
This made a total of 500 gm. of ammonium sulphate per liter of original 
plasma. All the thermolabile proteins of rabbit plasma are precipitated 
at this concentration of ammonium sulphate. This third precipitate was 
dialyzed for 2 days in tap water; it was identified as I II-W. Acidification 
of the dialysate of this fraction to pH 5.3 yields a very small water-insoluble 
fraction (III-WI). The greater part of the proteins of the third fraction 
is water-soluble ( I II-WS ). This third fraction contains the greatest 
portion of the proteins of rabbit plasma. 

Many batches of rabbit plasma were fractionated in this manner, and the 
fractions were studied for their clotting power. 

Experiment With Plasma. To 0.9 cc. of the plasma in a Wasser- 
mann tube was added 0.1 cc. of the material under test. The tube 
was then placed in the water-bath at 37° C., and the clotting time 
was recorded. 

Preliminary experiments have consistently demonstrated that 
the precipitate obtained from rabbit plasma at between 20% and 
30% (200 and 300 gm. per liter) of ammonium sulphate possesses 
practically all of the clotting power of the original plasma. This 
fraction {II-W) will be referred to as clotting globulin. More 
detailed study showed that a considerable portion of the clotting 
factor could be precipitated with the water-insoluble proteins II-WI 
at pH 5.3 in the absence of salt. 


Table 1.— The Clotting of Horse Plasma Containing 1% Sodium Citrate by 
Different Fractions of Rabbit Plasma. 


Fraction I-W. Fraction II-W. Fraction III-W. 



Water 

Insoluble 

Water 

Insoluble 

Water 

Insoluble 


soluble 

%at pH 5.2 

soluble 

at pH 5.2 

soluble 

at pH 5.2 


I-WS. 

I-WI. 

II-WS. 

J7-W7. 

///-1FS. 

III-WI. 

Dilutions of test 

NR9-1. 

NR9-4. 

NR9-2. 

NR9-5. 

NR9-3. 

NR9-6. 

Solids 

Solids 

Solids 

Solids 

Solids 

Solids 

material with 
normal horse 

12.1%. 

13%. 

12%. 

7.3%. 

12.7%. 

1.7%. 







citrate plasma 

Figures indicate time, in minutes, within which clotting occurred. 

1:10 . . . 

. . — 

— 

30 

Less than 

1 

Less than 

' 1 

Less than 
- 1 

Less than 

1 

— 

— 

1:100 . . . 

. . — 

— 

30 

— 


1:200 . . . 

. . — 

— 

60 


— 

1:500 . . . 

. . . — 

— 

60 

— 

— 

1:1000 . , 







X 

s 

— 

— 

1:2000 . . 

. . 

— 

— 

60 

— 

— 

‘1:5000 . 

. . . 

— 

— 

CO 

— 

— 

- — 1} 10000 . 

. . , 

— 

— ; 

— 

— 

— 


. All fractions were preparedTrorri normal rabbit plasma. 
-•'Failure to -clot within-24 hours is indicated by -a -dash { — ).- 
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Horse, rabbit and human plasmas were secured by drawing blood 
from the vein into vessels containing potassium oxalate solution, in 
the proportion of 9 cc. of whole blood to 1 cc. of 2.6% potassium 
oxalate solution. The plasma was then freed of red cells by centri- 
fugation. In a Wassermann tube, 0.9 cc. of a given plasma was 
mixed with 0.1 cc. of rabbit fraction number 356-6, in varying 
dilution; the mixtures were then placed in the water-bath at 37° C. 
and the clotting times were noted. This material (No. 356-6) repre- 
sents the second fraction of rabbit plasma; more specifically, that 
part of rabbit plasma which is insoluble in water at pH 5.2 (II-W I). 
The content of solids of this material was 16.6%. All three plasmas, 
from the horse, the rabbit and man were clotted by the material 
under test. 

Table 2. — The Clotting of the Plasma From Different Species of Animals 
by the Second Fraction Isolated From Rabbit Plasma (Specimen- 

No. 355-6). 


Normal Normal Normal 

Dilution of test horse plasma. human plasma. rabbit plasma. 

material, with . — 

plasmas Time in which clotting occurred. 

1:10 5 sec. 5 sec. 5 sec. 

1:100 20 sec. 10 sec. 5 sec. 

1:1000 210 sec. 15 sec. 10 sec. 

1:5000 24 hrs. 6 min. 4 min. 

1 : 10000 — 60 min. 60 min. 

Control* — — — 


* One volume of 0.85% NaCl mixed with 9 volumes of plasma. 

Failure to clot within 24 hours is indicated by a dash ( — ). 

A study was made on the clotting, by rabbit’s plasma fraction 
II-W, of normal horse plasmas prepared with different anticoagu- 
lants. The anticoagulants employed were: 1, Potassium oxalate, 
the final concentrations in the plasmas being 0.1%, 0.5%, 1%. 
2, A commercial preparation of heparin; 1 mg. of which, according 
to the specifications, prevents the coagulation of 5 cc. of cat blood 
for 24 hours. In our experiments the final concentration of heparin 
in the plasma was 0.05% or 0.1%;. with such concentrations, horse 
plasma would remain fluid for more than 24 hours. 3, Germanin; 
final concentrations in the plasma of 0.15%, 0.2%, 0.4%. 

The clotting substance used was rabbit plasma fraction 77-11 /, 
with a content of solids at 7.3%. The technique followed has 
already been described. The findings of this series of tests are 
shown in Table 3. 

It was observed that the action of clotting globulin (//-II ) is 
largely independent of the nature and concentration of the anti- 
coagulant within the range of the substance tried. Increasing the 
final concentration in the plasma of potassium oxalate to as-much 
as 1 % serves only to delay, but does not stop, the clotting of nor- 
mal horse plasma by fraction II-W of, rabbit, plasma. It should 
also be mentioned here that the clotting of nonnal horse plasma 
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containing 1 % sodium citrate by rabbit plasma fraction II-W has 
been regularly observed. 

Table 3. — The Influence of the Anticoagulant on the Clotting of Normal 
Horse Plasma by Rabbit Plasma Fraction JI - W . 

Potassium Oxalate. Heparin. Germanin. 

Final concentration of anticoagulant in the plasma. 


Dilutions of Fraction 
II-W I with normal 
horse plasma. 

l:i0 . 

0.1%. 

0.5%. 

1.0%. 

0.05%. 

0.10%. 

0.1%. 

0.2%^ 

1 min,' 

Time in which clotting occurred. 
10 min. 20 min. 1 min. 1 min. 

1 min. 

2 min. 

1:100 

1 min. 

10 min. 

20 min. 

3 min. 

3 min. 

1 min. 

— 

1:1000 

2 hrs. 

24 hrs. 

24 hrs. 

— 

— 

2 hrs. 

— 

1:2000 

— 

— 

— 

— 

— 

— 

— 

1:5000 

— 

— 

— 

— 

— 

— 

— 

1:10000 

— 

— 

— 

— 

— 

— 

— 


The particular Fraction //-IF/ used was No. NR9-5. 
Failure to clot within 24 hours is indicated by a dash ( — ). 


Clotting globulin was observed to clot rapidly horse plasma 
deprived of its own prothrombin by absorption with magnesium 
hydroxide. Horse plasma containing 0.26% potassium oxalate was 
mixed with 10% of its volume of a 3% suspension of magnesium 
hydroxide. The mixture was shaken several times in the next 
2 hours at room temperature, after which it was centrifuged and 
the reaction of the supernatant absorbed plasma was adjusted to 
neutrality. Such absorbed plasma does not clot on recalcification; 
however, the addition of the above described clotting globulin 
(II-W) in small quantities was able to clot it. 

Experiments With Whole Blood. In this work the 15 by 150 mm. 
test tube, coated inside with a thin even layer of paraffin, was used. 
When 1 cc. of physiologic salt solution and 9 cc. of whole blood are 
mixed in such a tube, the average clotting time at room temperature 
is between 25 and 30 minutes. The introduction into such a 
preparation of very minute portions of rabbit fraction II-W con- 
siderably reduces the clotting time. Tests of this kind, using 
fractions No. NR9-5 and No. 356-6 on whole horse blood, are 
reported in Table 4. 

Table 4.— The Clotting of Whole Horse Blood by Fraction II- IF 
(Specimens NR9-5 and 356-6). 

Specimen NR9-5. Specimen 

* , 356-6. 

Dilutions of-test Exp. I. Exp. 2. Exp. 3. Exp. 4. 

material with whole ' . * 

horse blood. Time in which clotting occurred. 


1:10 

10 sec. 

15 sec. 

10 sec. 


1:100 

40 sec. 

45 sec. 

5 sec. 


l:i000 

1 min. 

1 min., 

20 sec. 

1 min., 



20 see. 


30 sec. 

1:10000 

3 min. 

6 min., 

5 min., 

4 min. 



40 sec. 

15 sec. 


1:100000 

10 min.. 

10 min., 

2 min., 

IS min. 


25 sec. 

35 see. 

5 sec. 


Control 

30 min., 

16 min.. 

25 min. 

44 min 

(1 vol. physiologic saline. 

25 sec 

30 sec. 




9 vols, whole blood) 
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The Relative Toxicity of the Three Rabbit-plasma Fractions. In 
the fractionation of immune rabbit plasma with ammonium sul- 
phate, as referred to in an earlier part of this paper, the major 
portion of the antibodies has been found in fraction I-W. 

Tests of Toxicity in Mice. It was shown that there is a marked 
difference in the toxicity of the three fractions so obtained. For 
example, mice were not obviously affected by the intravenous injec- 
tion of 0.4 cc. of fraction I-W I, or of fraction III-WI, containing 
12% solids. Fraction II— WI, however, proved to be- lethal for 
mice, when injected intravenously. Each of 2 mice received an 
intravenous injection of 0.01 cc. of fraction II-WI, No. NR9-4 
(12% solids) prepared from normal rabbit plasma; in a few minutes 
both mice were dead. Similarly, when each of a series of 6 mice 
received intravenously 0.01 cc. of No. 13C14-4 (10% solids) a 
preparation of fraction II-WI from rabbit antimeningococcal 
plasma, each animal died within a few minutes. 

Fraction II-W, when injected subcutaneously or into the abdom- 
inal cavity of the mouse is more easily tolerated. Two mice, each 
receiving 1 cc. subcutaneously of No. 13C14-4 survived for 2 weeks. 

Tests in Rabbits. The “toxicity” of the clotting globulin was also 
studied in the rabbit for the purpose of determining whether the 
lethal effect is due to intravascular clotting. This was found to 
be the case. ' 

Rabbit 1 (5 pounds) received 1 cc. clotting globulin 13-C-19 intraven- 
ously (slowly). Death occurred in 2 minutes. Autopsy immediately. 
Right auricle and ventricle filled with completely clotted blood, the clot 
extending into the pulmonary artery filling it. The left chambers of the 
heart contained little fluid blood. 

Rabbit 2 (5 pounds) received 0.25 cc. clotting globulin 13-C-19 intraven- 
ously; not slowly. No sjunptoms. After 7 minutes 0.5 cc. clotting globu- 
lin 13-C-19 intravenously (opposite ear, slowly). No symptoms at any 
time. 

Rabbit 3 (8j pounds) received 1 cc. clotting globulin 13-C-19 intraven- 
ouslj’, slowly. No symptoms in 5 minutes. Then injected another quantity of 
1 cc. clotting globulin 13-C-19 into the other ear; death occurred in 2 minutes. 
Autopsy showed right ventricle filled with mostly fluid blood; a thin clot 
was found extending into the pulmonary artery in which it was deeply 
attached. 

The Stability of the Clotting Factor Associated With Fraction H-W. 
In a review of a large number of batches of rabbit plasma processed 
up to the present, in no instance have we failed to obtain an active 
clotting globulin. Using the technique of testing described earlier 
in this paper, one volume of such a preparation may be found to 
clot 100 volumes of oxalated horse plasma within 30 seconds, and 
to clot 1000 volumes of plasma within 4 hour. The usual prepara- 
tions of fraction II-W have a solids content of about 10%. 

Our experiments have indicated that this dotting globulin is 
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comparative!}" stable. For instance, specimen No. NR6-2 (frac- 
tion II-W ) was kept for 6 months at about 5° C., without preserva- 
tive, with no appreciable alteration of clotting titer. Several other 
preparations of fraction II-W, containing 0.4% phenol and 1 to 
50,000 phenyl mercuric acetate, were passed through a Berkefeld 
filter candle. After 9 months’ storage at 5° C. the material still 
had considerable clotting power, though the titer was somewhat 
reduced. 

A series of experiments has shown that heating somewhat weakens 
the clotting factor, but does not entirely destroy it. Even after 
being heated at 75° C. for 10 minutes, some of this material was able 
to clot 10 times its volume of plasma. Preservatives enhance the 
deterioration caused by heat; in this respect phenol is more destruc- 
tive than merthiolate, in the concentrations tested. 

The clotting fraction may be frozen and thawed without alteration 
of its clotting power. 

The proteins associated with the clotting factor may be precipi- 
tated with 70% and 90% acetone. The redissolved precipitate 
possesses the clotting titer of the original material. 

Discussion. Leo Loeb 8a ” e ' 9 ' 10ilIa ' M2 ' 16 has reported that the intra- 
venous injection of heterogenous serum may bring about the clotting 
of blood in the vessels. He has observed intravascular clotting in 
the pulmonary blood-vessels of rabbits injected with dog serum. 
Loewit 7 attached considerable importance to this observation, feel- 
ing that it would assist in the evaluation of the primary toxicity 
of serum. 

Loeb’s findings have been of value to us as a guide in the purifi- 
cation of rabbit sera. In our efforts to free immune rabbit sera of 
its clotting action, we isolated a small globulin fraction having a 
clotting power of a very high order. In the studies of the activity 
of this preparation we have been using the technique outlined by 
Quick, Smith, et al . 16 **-™ 0 *- 20-26 

The role of calcium in the mechanism of the clotting of blood was 
discussed not long ago by Howell 6 and Mellanby. 14 The clotting 
globulin that we have isolated from rabbit’s blood, does not need 
calcium and has shown much strength in the presence of excess of 
oxalate, citrate and other anticoagulants. This clotting globulin 
acts directly on fibrinogen and is able to clot plasma whose own 
prothrombin has been absorbed with magnesium-hydroxide. Prepa- 
rations of this material have been proven to be comparatively stable. 

From human plasma Taylor and his collaborators 13 17 - IS have 
secured certain coagulating globulins, and other constituents of 
blood having clotting properties have been noted by Glazko and 
Greenberg 4 and Bendien and Van C reveld. 2 No comparison of 
these preparations with our rabbit clotting globulin has been made. 

Hess 50 ' 6 writing about the injection of horse serum in intractable 



584 PARFENTJEV: A GLOBULIN-FRACTION IN RABBITS PLASMA 


hemorrhage pointed out that the same acceleration of coagulation 
could be achieved by injection of the purified euglobulin fraction 
instead of whole serum. The author obtained the euglobulin frac- 
tion from human, horse and sheep plasma by fractionation with 
ammonium sulphate. The concentration of a mm onium sulphate 
that he used for precipitation of euglobulin corresponds to that by 
which we obtained our fraction I—W from rabbit’s plasma. He 
claimed a favorable clinical effect of such an injection. However, 
the tables given in this paper on experiments carried out in vitro 
revealed quite a low clotting capacity of his euglobulin fraction. 

Our observations on fraction II— W have naturally suggested the 
use of this fraction as a hemostat. Work is now in progress on a 
study of the value of this preparation as compared with other 
hemostatic agents which have recently been reviewed by Aggeler 
and Lucia 12 ' 6 and Ferguson. 3 

Conclusions. 1. A description is given of a globulin fraction, iso- 
lated from rabbit plasma which possesses the property of clotting 
plasma. 

2. It has been found that the “ toxicity ” of this fraction on intra- 
venous injection is due to intravascular clotting. 

3. Clotting globulin could be separated from that fraction of 
rabbit plasma which contains the major portion of the immune 
bodies. 
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Parfentjev has reported 90 that a globulin which possesses the 
property of coagulating citrated blood may be obtained by the 
fractionation of the proteins of rabbit plasma with ammonium 
sulphate. The present communication presents evidence confirming 
this observation and attempts to identify this elot-promoting factor 
in the light of modern knowledge of blood coagulation. In the 
accompanying paper 7 certain practical clinical applications of this 
material will be presented. 

Experimental. Methods. Rabbit plasma was obtained through the 
courtesy of the Lederle Laboratories and fractionations were carried out as 
suggested by Parfentjev’' 0 ’ 6 . Occasionally slight modifications in the pro- 
cedure were made for purposes of comparison and quantitation. 

Five hundred milliliters of rabbit plasma* obtained from rabbit whole 
blood containing as an anticoagulant 2.5% sodium citrate, were diluted 
with an equal volume of 0.9% sodium chloride solution. To 1 liter of the 
diluted plasma, 200 gm. of Merck's anhydrous ammonium sulphate were 
added and the pH of the mixture was adjusted to 7,4 (using phenol red 
indicator) with 1 N. sodium hydroxide. The mixture was then stirred 
mechanical^ at 37.5° C. for 16 to 18. hours. The resulting precipitate of 
plasma protein was removed by filtration. The filtrate was retained. 

The precipitate was removed from, the filter paper and redissolved in 
500 ml. of 0.9% sodium chloride solution. To this, 100 gm. of ammonium 
sulphate were added. The pH was again adjusted to 7.4. The mixture was 
stirred at 37.5° C. for from 3 to 4 hours and filtered. The filtrate was com- 
bined with that from the first precipitation. The precipitate was again 
redissolved and the procedure of reprecipitation carried out as before. The 
final precipitate was discarded. 

The filtrates from the three precipitations were pooled and the volume 
was measured. Sufficient anhydrous ammonium sulphate was added to 
raise the concentration of this salt to 30%. The pH was adjusted to 7.4. 
The mixture was allowed to stand at room temperature for 72 hours. 
During this time the precipitate settled out completely. The supernatant 

* The Lederle Laboratories, Inc., have advised us that the plasma as received by us 
contains approximately an equal volume of 2.5% sodium citrate as the anticoaqulant 
solution. 
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fluid was removed as completely as possible by s3 r pho»age and the remaining 
small amount bj r filtration. 

. The precipitate was removed from the paper and dissolved in a vol um e 
of 0.9% sodium chloride solution equal to one-tenth of the previous large 
volume. Thirty grams of anhj'drous ammonium sulphate were added for 
each 100 ml. of sodium chloride solution used, and the pH was adjusted to 
7.4. The mixture was stirred at 37.5° C. for from 4 to 5 hours and filtered. 
The filtrate was discarded. The precipitate was removed from the paper 
and dissolved in the minimum amount of distilled water necessary to effect 
solution. This was transferred to cellophane sacks and dialyzed against 
running tap water at approximately 7° C. for 48 hours. 

The contents of the cellophane sacks were transferred to weighed serum 
bottles and dried by the lyophile method.* The jields of dried material 
from 500 ml. of rabbit plasma ranged from 200 to 1400 mg. For purposes 
of quantitation the dried contents of the serum bottles were taken up into 
sufficient amounts of 0.9% sodium chloride solution to give it a concentra- 
tion of total solids of 12 %. 

Certain modifications in the procedure were occasional^ made for 
various reasons as indicated below. 


Thrombic Activity of Rabbit Pseudoglobulin. Parfentjev has re- 
ported that his preparation of pseudoglobulin coagulated citrated 
blood. An attempt was therefore made to study the precipitation 
of fibrinogen by this material quantitatively. In the following 
experiments a 1 :100 dilution of the sodium chloride solution of the 
rabbit globulin fraction was employed. Citrated normal human 
plasma was used as a source of fibrinogen in all experiments. In 
most of these 1 ml. of plasma was pipetted into each of a series of 
beakers and diluted with 30 ml. of 0.9% sodium chloride solution. 
Occasionally the amount of plasma was doubled when more fibrino- 
gen was required for the experiment. The fibrinogen content of the 
plasma was determined in one sample by a method of recalcifi- 
cation. 3 To the remaining samples of diluted plasma, varying 
amounts of the diluted pseudoglobulin preparation were added and 
the amount of fibrinogen, precipitated as fibrin, was determined. 
This determination was made both by the method of nitrogen 
difference and also by the direct determination of the nitrogen of 
the precipitated fibrin. 3 

For purposes of comparison the amount of nitrogen in eacli 
pseudoglobulin preparation was determined and the number of 
milligrams of fibrinogen converted to fibrin was plotted against the 
amount of globulin nitrogen added. 

Table 1 shows the quantitative data from one such experiment. 
Comparable data were obtained on S other preparations of rabbit 
pseudoglobulin. These are shown graphically in Chart 1. 


Table 1. — The Relationship or Rabbit Thrombin Nitrogen to the Amocnt 
or Fibrinogen Converted to Fibrin From 1 Mr. or Citrated 
Normal Human Plasma. 


Mr. rabbit thrombin 
nitrogen addl'd 
to plasma. 

0.01 

0.02 

0.03 • - • ■ • 

Total fibrinogen present in plasma ns determined by rcealeifieiition 


Mg. fibrin 
prmpitnted. 

. 1 . 5 -! 

. I. SO 
. 2.23 

o 0.3 
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Since citrated plasma was used as a source of fibrinogen in these 
experiments, the precipitation of the fibrinogen might have been 
attributed to one of two possible reactions. If the preparation of 
rabbit pseudoglobulin contained sufficient calcium, then any throm- 
boplastin in the preparation acting by releasing thrombin from 
the prothrombin of the plasma, could cause conversion of fibrinogen 



Chart 1 . — The quantitative relationship of the amount of plasma fibrinogen con- 
verted to fibrin to the amount of rabbit thrombin added. 


to fibrin. Or this conversion might have been the result of the 
direct action of thrombin independently of the other factors in the 
blood coagulation reaction. The calcium content of the various 
pseudoglobulin preparations was determined by a modification of the 
method of Fiske and Subbarow and related to their nitrogen con- 
tent. As will be observed from the data presented in Table 2, 


Table 2. — The Relationship of Calcium to Nitrogen Content of Various 
Preparations of Rabbit Thrombin. 


Preparation 

Mg. nitrogen 

Mg. calcium 

per gm. of 

per pm. of 

No. 

total solids. 

total solids. 

1 .... 

92 

1.0G 

2 

103 

0.51 

3 . . . . 

107 

1.14 

4 . . . . 

Ill 

0.49 

5 

119 

0.69 

6 

11S 

0.79 

7 ...... 

112 

0.94 . 

s- . .- . . . . 

120 

0.36 • 
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all the preparations contained small amounts of calcium which 
apparently were carried through the entire procedure. In no 
instance, however, did any of the preparations contain sufficient 
calcium to initiate coagulation. For example, on the basis of the 
data of Table 2, the largest amount of calcium added to the 1 ml. 
of plasma in the series of observations presented in Table 1, was 
0.0001 mg., which could have had no effect on the conversion of 
fibrinogen to fibrin in 1 ml. of citrated plasma. 

.It would appear from an examination of the procedure that the 
clotting activity of the rabbit plasma was associated with the 
pseudoglobulin fraction. In view of the fact that the thrombo- 
plastic activity of human plasma has been shown to reside almost 
wholly in the euglobulin fraction, 6 ' 10 observations were made on 
rabbit plasma following the removal of euglobulin by dialysis of the 
plasma against cold running tap water for 8 days. Following this 
dialysis the rabbit euglobulin was found to resemble that from 
human plasma in that it contained almost all the coagulant activity 
of the plasma for hemophilic blood. Yet, when the remaining 
plasma proteins were treated with 30% ammonium sulphate and 
the latter part of Parfentjev’s procedure carried out, a pseudo- 
globulin could be prepared which clotted citrated plasma. These 
data are presented in Table 3. This evidence indicates therefore 
that the clot-promoting substance in rabbit pseudoglobulin is 
neither calcium nor thromboplastin nor both calcium and thrombo- 
plastin. By definition therefore the clotting activity of rabbit 
pseudoglobulin must be the result of true thrombin and hereafter 
this rabbit fraction shall be referred as “rabbit thrombin Such 
a conclusion is further justified by observations that the material 
is active both in the presence of large excesses of citrate or oxalate 
in the plasma after prothrombin is removed from the plasma by 
adsorption, and on fibrinogen solutions. 


Table 3. — The Effect of Removal of Euglobulin bv Preliminary Dialysis 
on the Activity of Rabbit Thrombin. 


Method. 


Standard procedure 


Preliminary dialysis 


Mg. thrombin 
nitrogen added 

Mg. fibrin 

to plasma. 

precipitated. 

0.07 

1.90 

0.13 

2.18 

0.26 

2.16 

0.66 

2.45 

0.06 

0.9S 

0.25 

2.43 

0.69 

2.91 


The Preparation of Stable Dried Rabbit Thrombin. There is some 
evidence 94 that rabbit thrombin in solution is reasonably stable 
compared with solutions of other preparations of thrombin made in 
this laboratory. In the course of several months the activity was 
found to diminish to the extent of 10%. However, for practical 
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reasons the preparation of a dry stable powder was necessary. 
Two methods were employed for this type of preparation. The 
final solution of rabbit thrombin was lyophilized or precipitated by 
acetone and the acetone precipitate dried in vacuo. The data 
presented in Table 4 indicate that when either procedure was 
followed there was no loss of throinbic activity. 


Tabi.e 4.— The Effect of Drying Rabbit Thrombin by Lyophilization and 
Acetone Precipitation on the Thrombic Activity. 


Method of drying. 


None— conti ol solution . 


Dried by lyophile method redissolved 
in 0.9% NaCl solution 


Precipitated by acetone, dried in 
vacuo— i edissolved in 0.9% NaCl 
solution 


Mg. thrombin 
nitrogen added 
to plasma. 

0 010 
0 019 
0 040 
0 100 

0 010 
0 018 
0 040 
0 090 
0 180 

0 010 
0 014 
0 029 
0 070 
0 140 


Mg. fibrin 
precipitated. 

1 54 

1 89 

2 25 
2 51 

1 77 

2 13 
2 39 
2 52 
2 60 

1 34 
1 88 

2 29 
2 48 
2 71 


Purification of Rabbit Thrombin. Parfentjev has indicated 96 that 
his material may be further purified by subjecting the final solution 
of the pseudoglobulins to an isoelectric precipitation at pH 5.2. 
Therefore a preparation made by Parfentjev was compared quanti- 
tatively before and after such purification. The data are presented 
in Table 5. It will be observed that the isoelectric precipitate con- 
tains somewhat more thrombic activity per milligram of thrombin 
nitrogen than the preparation not so purified. It is debatable 
whether there would be any advantage in carrying through this 
isoelectric precipitation for material to be used in the clinic as a 
hemostatic. However it is of interest since it removes much of the 
inert nitrogenous constituents of the rabbit thrombin solution, 
giving a purer product for purposes of investigation. 


Table 5. — Effect of Isoelectric Precipitation at pH 5.2 on the Activity of 

Rabbit Thrombin. 


Preparation. 

Standnid procedme . 


Mg. thrombin 
nitrogen added 

Mg. fibnn 

to plasma. 

precipitated, 

0 010 

1 5 

0 020 

1 9 

0 040 

2 3 

0.100 

2 5 

0 003 

0 0 

0 007 

2 5 

0.014 

2 7 

0 030 

3 2 

0.040 

'3 2 


Isoelectric precipitation . 
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Thermolability of Rabbit Thrombin. As will be observed from 
Chart 2, the solution of rabbit thrombin is thermolabile. It is less 
so, however, than preparations of thromboplastin. Preliminary 
experiments indicate that when absolutely dry powdered rabbit 
thrombin is heated in sealed containers to temperatures of 110° C. 
for purposes of sterilization, there is little loss of potency. However, 
the presence of even small amounts of water in the material results 
in the destruction of the activity of the thrombin when it is exposed 
to these high temperatures. 



Chaut 2. — The effect of temperature on the potency of rabbit thrombin. (0.1 ml. 
of a 1 to 10 dilution of rabbit thrombin added to 0.1 ml. of normal human plasma. 
Each test repeated at the time intervals shown.) 


A Comparison of Rabbit Thrombin With Thrombins of Other 
Origin. In order to compare rabbit thrombin and thrombin pre- 
pared by other methods with regard to their action on fibrinogen 
of plasma, a series of quantitative experiments were performed. 
Thrombin prepared by the method of Seegers ct al. n and by the 
conversion of prothrombin by rabbit brain thromboplastin in the 
presence of calcium were used in these studies. The data obtained 
on these studies are presented in Table G. It will be observed that 
the action of rabbit thrombin is entirely comparable to that of 
thrombin prepared by these other methods. 

Discussion. Thrombin by definition is a substance or a physio- 
logical activity, capable of directly converting fibrinogen to fibrin 
without the necessity of calling into operation calcium, prothrombin 




THROMBIC ACTIVITY OF A GLOBULIN FRACTION 


591 


and thromboplastin. It is therefore, to say the least, surprising that 
one may obtain directly from citrated rabbit plasma a substance 
possessing true thrombic activity. The observations recorded in 
this communication indicate quite clearly that when rabbit plasma 
is treated with certain salting-out procedures a pseudoglobulin 
may be obtained which does indeed possess thrombic activity. 
However, it must be remembered that at present we can offer no 
evidence that this thrombic activity is not due to changes in plasma 
proteins produced by manipulation involved in the procedure. 

Table 6.— A Comparison of Rabbit Thrombin Prepared by Parfentjev’s 
Method With Thrombin Prepared by the Direct Conversion of Pro- 
thrombin of Steer Blood, by Thromboplastin in the Presence of Cal- 
cium. 




Mg. thrombin 
nitrogen added 

Mg. fibrin 

Preparation. 

Method. 

to plasma. 

precipitated. 

Seegeis et al. n .... 

Prothrombin of steer 

0 0600 

0 45 


blood + steer lung 

0 1900 

1 51 


thromboplastin 

0 3100 

4 05 

Seegers el al. n .... 

Prothrombin of steer 

0 0015 

2 42 


blood + steer lung 

0 0300 

4 34 


thromboplastin 

0 0900 

4 76 

Lozner, Adams and Taylor 

Prothrombin of steer 

0 0005 

2 10 

(unpublished) 

blood + rabbit brain 

0 0009 

2 60 


thromboplastin 

0 0018 

4 08 



0 0090 

5 54 

Lozner, Adams and Taylor 

Steer globulin substance 

0 0008 

I 64 

(unpublished) .... 

4- rabbit brain throm- 

0 0010 

1 57 


boplastin 

0 0060 

1 63 



0 0170 

2 44 

Parfentjev 

Pseudoglobulin of rabbit 

0 0100 

1 54 


plasma 

0 0200 

1 89 



0 0400 

2 25 



0 1000 

2 51 

Parfentjev 

Pseudoglobulin of rabbit 

0 0030 

0 58 


plasma isoelectric pre- 

0 0070 

2 46 


cipitation 

0 0100 

2 72 



0 0300 

3 18 



0 0400 

3 24 


Should thrombin exist preformed in rabbit plasma in vivo, obvi- 
ously the presence in rabbit plasma of a substance capable of 
neutralizing it in vivo must be predicated. To account for the 
possible occurrence of thrombin in rabbit plasma several facts may 
be considered. It is conceivable that slow conversion of prothrombin 
to thrombin occurs. This is suggested indirectly both by the rapid 
disappearance of prothrombin from citrated rabbit, human and 
steer plasma and the frequent observation that small amounts of 
fibrin separate from citrated or oxalated plasma on standing. Tin’s 
phenomenon has been commented on by other authors . 2 - 8 It is 
also of importance to consider the species of animal plasma involved 
in the present observations. It is well known that rabbit blood has a 
remarkably short coagulation time. It is also noteworthy that the 
thromboplastic activity of rabbit brain extract is much greater 
than that of similar extracts from steer, sheep or human brains . 12 
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That this enhanced tliromboplastic titer is shared by other rabbit 
tissues is a distinct probability. Should rabbit plasma have an 
increased tliromboplastic titer, the conversion of prothrombin to 
thrombin would probably be accelerated. 

There is some evidence of a preliminary nature 1 that while the 
potency of rabbit thrombin is not increased by the age of the 
plasma the total yield of thrombin appears to be increased. 

The euglobulin fraction of plasmas of various species of animals 
has been shown to contain clot-promoting activity for hemophilic 
blood. 640 We have called this clot-promoting substance or activity 
“globulin substance,” 10 and Howell has called it “plasma thrombo- 
plastin.” 5 The data presented in this paper indicate that after this 
euglobulin fraction was removed from rabbit plasma by dialysis 
for 8 days, the supernatant fluid when treated by Parfentjev’s pro- 
cedure yielded a pseudoglobulin having unimpaired thrombic 
activity. This observation seems to differentiate “globulin sub- 
stance” or “plasma thromboplastin” from rabbit thrombin, how- 
ever here also one must reserve the possibility of protein change due 
to the subsequent salting-out procedure. Further differentiation is 
seen in the fact that the euglobulin fraction containing the thrombo- 
plastin factor requires both calcium and prothrombin to be present 
before fibrinogen can be precipitated from normal plasma. The 
pseudoglobulin fraction containing rabbit thrombin on the other 
hand can act on fibrinogen directly, in plasmas containing an 
excess of citrate or oxalate and also on plasmas from which the pro- 
thrombin has been removed by adsorption. 

The amount of calcium present in rabbit thrombin is too small to 
initiate blood coagulation in the presence of citrate or oxalate. 
However, we have not as yet been able to prepare by any method 
a thrombic substance which does not contain this small amount of 
calcium which is apparently closely associated with the protein of 
the preparation. 1 

Solutions of rabbit thrombin in sterile form are quite stable, com- 
pared with solutions of thrombin prepared by other methods. Some 
of the preparations used in these studies were 7 months old and still 
possessed marked activity. The thermolability of rabbit thrombin 
is fairly low. Absolutely dry rabbit thrombin may be sterilized in 
sealed containers at 110° C. The low thermolability also permits 
the drying under reduced pressure of gauze and similar material 
impregnated with solutions of rabbit globulin. 

A completely stable dry powdered preparation may be obtained 
by the method of vacuum drying at low temperatures such as is 
used in the lyophile process or by precipitation of the pseudoglobulin 
from its final solution with acetone and subsequent drying in 
radio. Both preparations are of equal activity, and show no loss 
of potency as compared to the original pscudoglobulin solution 
from which they were derived. The high potency, ease of prepara- 
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tion' and high yield of rabbit thrombin would clearly indicate the 
desirability' of clinical trial of the material as a hemostatic. Certain 
observations concerning the use of rabbit thrombin in the control 
of hemorrhage are presented in the following paper. 

Conclusions. 1 . The observation of Parfentjev that rabbit plasma 
contains a substance or physiologic activity capable of converting 
fibrinogen to fibrin is confirmed. 

2. Parfentjev’s material is apparently a pseudoglobulin which 
possesses true thrombic activity. 

3. It may be differentiated from thromboplastin by its manner 
of preparation and its independence of calcium-ion concentration 
in its action on fibrinogen. 

4. Methods of preparing the material in a stable powdered form 
are presented. 

A material has been prepared from the plasma of steer by the procedure outlined 
in this paper possessing similar properties to that obtained from rabbit plasma. 
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The body possesses two main defenses against hemorrhage, the 
coagulation of the shed blood and the mechanical behavior of blood 
vessels toward injury. Thrombin precipitates fibrin instantaneous! v, 
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independently of the other factors in the blood coagulation reaction, 
and thus can be of value in aiding local hemostasis. It has been 
used therapeutically in this manner with encouraging results. 4 ' 6 The 
preparation of this physiologic complex however has in the past 
been difficult and time-consuming and only small yields were ob- 
tained from relatively large amounts of plasma. Increased avail- 
ability has been achieved because of the, isolation by Parfentjev, 
from rabbit plasma, of a globulin fraction able to clot citrated 
blood. 2 This fraction has been identified bv this laboratory as 
possessing great thrombic activity. The details of this identification 
are presented in the' preceding paper. 5 Translating the results into 
practical terms, one part of dry powdered rabbit thrombin will 
clot 60,000 parts of 0.25% citrated blood within three seconds. 
The potency of the material, the shortness of the time necessary for 
in vitro clotting, the simplicity of preparation and large yields, made 
it desirable that the hemostatic properties of rabbit thrombin be 
investigated clinically. This communication reports the results of 
these investigations. 

Methods. Three types of preparations of rabbit thrombin were used, a 
saline solution containing from 10 to 12% total solids, a dry sterile powder 
prepared by lyophilization and a dry sterile powder prepared by acetone 
precipitation and subsequent in vacuo desiccation. Some of the materials 
used were prepared in this laboratory, others were furnished by Dr. Parfent- 
jev. With these preparations, two types of investigations were undertaken; 
a controlled study of hemostasis following a standard trauma in normal 
subjects and observations on the use of rabbit thrombin in the control of 
bleeding from small wounds in patients with and without hemorrhagic 
diseases. 

Controlled Study of Hemostasis in Normal Subjects. A standard trauma 
was utilized in order to study hemostasis in the normal subject. For this 
purpose a modification of the Ivy bleeding time 1 was used. A sphygmoman- 
ometer cuff was placed around the upper arm of the subject and inflated 
to 50 mm. Hg pressure. A wound with an ordinary mechanical lancet was 
then made on the ulnar side of the flexor surface of the forearm, avoiding 
visible veins, approximately 3 mm. in width and 4 mm. in depth which pro- 
duced bleeding lasting from 5 to 7 minutes when not treated. The amount 
of bleeding was measured by gently approximating a square of filter paper 
to the drop of blood over the wound at 30-second intervals. When the 
bleeding stopped, the time was recorded and the areas of the drops of 
blood on the filter papers were measured and totalled. Four methods of 
treatment with rabbit thrombin were investigated. Controls were repeated 
in identical fashion except for the omission of rabbit thrombin. 

The details of the four methods of treatment are as follows: 

I. “TTcf Spray:” The wound was allowed to bleed for GO seconds and 
was then sprayed with the solution of rabbit thrombin for 15 seconds using 
a “nebulizer.” Following this procedure the amount of bleeding was deter- 
mined as described above. 

II. “ Dry Spray:” Dry powdered rabbit thrombin was applied to the 
wound in identical fashion to that described for the solution. 

III. “TIT/ Application:” Immediately following the trauma a square of 
filter paper moist with the solution of rabbit thrombin was applied to the 
wound. This was kept in apportion to the wound without pressure for 
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2 minutes. The amount of bleeding following this was measured and added 
to the amount of bleeding on the filter paper used in the treatment. For 
the controls to these observations a square of filter paper moist with saline 
was applied in an identical fashion. 

IV. " Dry Application:” This procedure was identical with that used 
for the application of the solution of rabbit thrombin except that the square 
of filter paper applied to the wound was dampened with saline and sprinkled 
with a small amount of dry rabbit thrombin. 


THE EFFECT OF VARIOUS METHODS OF TREATMENT WITH ’RABBIT THROMBIN" ON THE AMOUNT 
OF BLEEDING FOLLOWING A STANDARD TRAUMA IN NORMAL HUMAN SUBJECTS 


1500 . 


* iooa 


o soa» 



Widfh of each Bar indicates Duration of 
Bleeding . H = Fn/e Minutes 

Height of each Bor indicates Amount of 
Blood Shed 


CONTROLS 


I 

n 

. — — i mm.m 

m 

*Wef Sproy* 

'Dry Spray" 

*Wef Application* 


JJL 


Aju 


nr 

'Dry Application* 


Chart 1. 


Results. The results of this study are presented in graphic form 
in Chart 1. It will be observed that all methods of treatment except 
that of the “Wet Spray” considerably decreased the amount of 
bleeding. The most effective method was that of “ Dry Application.” 
In general, the dry powdered rabbit thrombin gave better results 
than the solution. The apparent prolongation of bleeding pro- 
duced by the “Wet Spray” was the result of the instantaneous 
formation of a flimsy clot which, however, did not adhere to the 
wound and beneath which the bleeding continued. 

Observations on the Use of Rabbit Thrombin in the Control of 
'Bleeding in Patients. Observations were carried out on 11 patients 
who were bleeding from small wounds. Nine of these had hemorrhagic 
diatheses, 4 with hemophilia, 3 with symptomatic thrombocytopenic 
purpura, 1 with hypoprothrombinemia and 1 with hereditary 
thrombasthenia. The other 2 patients had hypertension with 
epistaxis. Dry powdered rabbit thrombin was usually used and the 
technique of application was in general comparable with that pre- 
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viously described. 3 Essentially this consists of impregnating with 
the dry powder a dressing, pack or “gauze bite” which has been 
dampened with sterile saline. This impregnation is carried out in 
such a fashion as to allow the dry powder to come into immediate 
contact with the bleeding surface. 


Table 1,— Summary of Observations on the Use of Rabbit Thrombin as a 
Local Hemostatic in 13 Patients. 


l>t. 

No. 

; 

i 

Obs.l 
No. j 

! 

i 

Ape 

<yrs.) 

1 

j Diagnosis. 

i 

1 

1 

} 

i 

l 

1 Bleeding site. 

! 

! 

i 

Method of treatment. ; 

Duration of 
hemorrhage 
prior to 
institution 
of rabbit 
thrombin 
treatment 
(days),, 

Degree of 
hemostasis. 

i 1 

| « | 

2S 

1 Hemophilia 

2.5 cm. laceration on hand: 

tQ% solution on dressing 

4 

Complete 

0 j 

2 1 

3 r, 

i 

j Hemophilia 

0.6 cm. laceration in onto- 
cubital vein 

Powder on dressing j 

• 

Complete 

3 

' 3 

i 7 

1 Symptomatic thrombo- 
i cytopenic purpura 
' (acute leukemia) 

Sternal biopsy' 

Powder on dressing 1 

I 

Complete 

l 

4 

, 4 

23 

i Hemophilia 

Gum 

Powderon‘‘!t3Uic bite" ! 

5 

i Complete 

5 

5 

22 

i Hemophilia 

Tooth socket 

Powderon“itaurebite" 1 

• 

i Compictct 

•» 

6 

22 

1 Hemophilia 

2 tooth sockets 

Powder on "(taure bite” 1 

• 

Complete: 

6 

7 

' 21 

! Symptomatic thrombo- 
! cytopenic purpura 
(aplastic anemia) 

Stab wound in hemarth- 
rosis 

Powder on dressing 

0 

i 

> Complete 

’ 

* 

8 

If, 

Symptomatic thrombo- 
1 cytopenic purpura 
j (aplastic anemia) 

NVe 

Powder on pack 

i 

i Partial once 
Complete twice 

8 

» 1 

11 

] Hypertension 

No°e 

Powder on pack 1 

14 

Complete 

9 i 

in 1 

52 

! Hypertension 

Nt« 

Powder on pack , 

5 

Complete 

10 

» i 

IS 

j Hvpoprothrombinemia ! 
1 (non-tropical sprue) j 

Now | 

Powder on pack 

1 

1 

Complete 

It , 

12 

33 

' Hereditary throraba-v > 
j thenia 

Tooth socket 

Powder on “gauze bite” J 

2 ! 

Complete 

- t 

13 

36 

’ Hemophilia 

i i 

Tooth socket j 

Powder on “gauze bite” 

* 

Complctej 


* In these patients rabbit thrombin was used immediately following the trauma, 
f “Bite” changed every 24 hours, socket healed in S days. 

I “Bite” changed every 24 hours, socket healed in 7 days. 

$ “Bite“ changed every 24 hours, socket healed in 4 days. 


For purposes of brevity the clinical observations have been 
summarized in Table L With only one exception (Patient 8), the 
details of which are presented below, the hemostasis produced by 
rabbit thrombin was complete and immediate. That is to say, as 
soon as the dressing, pack, or “gauze bite” containing rabbit throm- 
bin was applied to the bleeding surface, arrest of hemorrhage im- 
mediately occurred. Prior to the application of rabbit thrombin 
in these patients, hemorrhage had occurred for varying lengths of 
time. In 9 of the 11 patients this hemorrhage had not been con- 
trolled by various hemostatics, including pressure bandaging, and 
application or tamponage with adrenalin, ferric subsuipbate solution 
and animal muscle. In one (Patient 9) with hypertension and epis- 
taxis, bleeding had persisted for 14 days prior to rabbit thrombin 
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therapy despite all the above measures and four transfusions of 
blood. 

In Patient 8, mentioned above, in which hemostasis on the first 
application of rabbit thrombin was only partial, the diagnosis was 
symptomatic thrombocytopenic purpura associated with aplastic 
anemia. Two subsequent applications on following days produced 
complete and immediate hemostasis. The unsatisfactory result on 
the first application was probably due to the failure of the operator 
to bring the rabbit thrombin into immediate . contact with the 
bleeding site. 

The dry powder was employed in the majority of patients ex- 
clusively. However, isolated observations carried out with rabbit 
thrombin solution indicated that it, too, was of value as a local 
hemostatic, but perhaps not quite as effective as the dry powder. 
No toxic effects from the application of rabbit thrombin were ob- 
served in any of the normal subjects or patients, no matter in what 
form it was applied. 

Discussion. The above observations indicate that rabbit thrombin 
is of distinct value as a local hemostatic in small wounds. This 
apparently results from the property of this material very rapidly 
to precipitate fibrin and thus close the wound. 

Numerous practical methods for the application of rabbit throm- 
bin suggest themselves. Such methods, however, undoubtedly will 
depend on the location of the bleeding site and the personal choice of 
the surgeon. Gauze bandages impregnated with thrombin would 
seem to be likely of success in controlling bleeding from wounds on 
the extremities. It is important that the particular method em- 
ployed be one in which the highest concentration of rabbit thrombin 
comes into contact with the bleeding surfaces. In many situations 
this is more feasible with the dry powder than with a solution. 

It should not be forgotten that in addition to the factor of coagu- 
lation of blood when shed, the factor of vascular defense is important 
in determining the duration of bleeding. Certain situations occur 
where the blood vessel factor fails to such an extent that no hemo- 
static which depends for its action on the formation of fibrin can 
be effective. 

It must also be borne in mind that the parenteral administration 
of thrombin is very toxic and may result in generalized thrombosis. 
It is important therefore that the material be used cautiously. 

Summary and Conclusions. 1 . Observations are reported indi- 
cating that rabbit thrombin is of distinct value in the control of 
hemorrhage from small wounds induced by a standard trauma in 
normal persons and in 9 patients with and 2 without hemorrhagic 
diatheses bleeding spontaneously from small wounds. 

2. The material apparently accomplishes its results by the in- 
stantaneous precipitation of fibrin. 
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3. Xo toxic manifestations were observed following the application 
of rabbit thrombin to the small wounds. 

4. It would appear desirable that these observations concerning 
the use of rabbit thrombin as a local hemostatic be extended. 
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NASAL PHYSIOLOGY. 

It is oniy within recent years that the interest of rhinologists has 
been drawn to the much neglected field of nasal physiology. Previously 
rhinologists centered their energies on anatomy, surgical anatomy — and 
more recently— on pathologic anatomy. The result has been a period 
of satisfactory growth. With the recognition of the importance of the 
functional point of view in rhinology, it is quite conceivable that nsaal 
physiology will bloom into deserving maturity. The importance of 
knowing how a nose works is stressed by Proetz, 10 who deplores the 
small amount of space given in standard textbooks and monographs 
to nasal physiology. There are many pitfalls that may beset the 
rhinologic surgeon unless he studies the functional viewpoint. For 
old methods, old drugs and old operations should be abandoned when 
they have been discredited. 

Frenckner and Richtner 4 report a study of ciliary movements in 
living and anatomic sections under normal and pathologic conditions. 
The beating frequency of the cilia was found to vary between 160 and 
250 beats per minute under normal conditions. Repeated infections of 
the nasopharynx seemed to arrest ciliary activity. Ethyl chloride had 
a certain resting effect, but ether narcosis and injection narcosis with 
pernocton and urethane seemed to be innocuous. Certain local anes- 
thetics checked the ciliary activity, at least temporarily. Experiments 
on animals appear to show that a long hypovitaminosis with regard to 
vitamins A, C and D causes slowing of the ciliary activity but that a 
short, complete avitaminosis does not have any obvious effect. No 
change in ciliary activity was caused by administration of hormones. 
Anatomic sections immersed in Ringer's solution showed no inhibition 
of ciliary activity for a period of 6 to 10 hours. In physiologic salt 
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solution the frequency of the ciliary beats was visibly lessened somewhat 
earlier. Weak solutions of ephedrine had a slightly stimulating effect. 
At no time was complete inhibition observed. Dilute solutions of 
adrenalin had an inhibitory effect on mucous membrane sections, but 
the ordinary 1-1000 solution had no visible effect on mucous membrane 
of living animals. Weak colloidal silver preparations appeared innocu- 
ous, while ephedrine solution combined with 5% neoprontosil solution 
had a stimulating effect. Prontosil injected into living guinea-pigs 
produced no visible change in ciliary activity. As a general rule, 
expectorants and volatile oils, applied locally or in the form of vapor, 
produced slowing of ciliary activity following a brief period of stimu- 
lation. The inhibitory effect produced by many of the agents was 
found to be less pronounced in the mucous membrane of a living person 
than in extirpated mucous membrane sections. Leasure" emphasizes 
the importance of the thin sheet of mucus which covers the mucous 
membrane of the respiratory tract. The mucous membrane of the 
respiratory tract, especially that of the nasal portion, needs active cilia 
moving a sheet of mucus in order to be healthy. At times perfectly 
healthy nasal mucous membrane is quite capable of resisting the most 
virulent invader. Any inhibition of the production of mucus constitutes 
an exposure. Secretory parasympathetic innervation to the nasal 
mucous glands has been reported. A predominant activity of the 
sympathetic nervous system is found to coincide with circumstances 
associated with common exposures to cold. 

In their study of the effect of estrogens on ciliated mucosa, Boyd 
and his associates 1 reveal that cilia of the bucco-esophageal mucosa of 
the frog are most Sensitive to estradiol and least sensitive to estrone and 
that the sensitivity to estriol lies midway between. In minute amounts, 
too small to affect the hvdrogen-ion concentration or the electrolyte 
concentration, these estrogens first stimulate and then, in larger doses, 
depress ciliary movement. If the value of 1 is given to the stimulating 
power of estrone toward ciliary movement, then estriol may be calcu- 
lated to be twenty times as active as estrone and estradiol one hundred 
times as active. This order of activity toward cilia does not correspond 
to the order of estrogenic activity of these crystalline substances. If 
estrone is given an estrogenic activity of 1, estriol may be estimated ns 
one one-hundredth as active and estradiol as ten times as active as 
estrone. Since cilia form an integral part of the protoplasm of the 
mucosal cells, the order of activity of estrogens on ciliary movement 
may reflect a corresponding order of activity on other functions of 
inuco-al protoplasm. Among these other activities, the authors were 
especially interested in the power of estrogens to relieve ozena and 
atrophic rhinitis, which has been reported by other investigators. If 
the present data have any application to the latter studies, they indicate 
that dosage is an extremely important factor. Nash 1 * declares that 
the function of a mucous membrane is to produce mucus, but the 
nasal mucous membrane must produce mucus within certain quanti- 
tative limits if the nas.d functions are to be maintained perfectly. Am 
shifting of this mucus production into either a hypofunction or a hyper- 
function xx ill result in a functional na-al disturbance, and the signs and 
symptoms of this disturbance will depend upon the amount and char- 
acter of the disfunction and the length of time it has continued 
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A normally functioning nasal mucous membrane produces a limited 
amount of mucus. It does not hypofunction nor does it hyperfunction. 
Hypofunctional diseases, such as atropine rhinitis, physical rhinitis, 
psychic rhinitis, atrophic rhinitis, febrile rhinitis and debilitative 
rhinitis, begin with dryness of the mucous membrane, and if long con- 
tinued terminate in atrophy. Hyperfunctioning diseases, such as 
irritative rhinitis, infective rhinitis, allergic rhinitis and the rhinitides 
produced physically, psychically and by food and the endocrines, begin 
with engorgement and rhinorrhea, and if long continued terminate 
in hyperplasia. Relatively few agents or conditions produce hypo- 
functioning diseases, but many produce hyperfunctioning diseases. 

Fabricant, 3 “ -C in receiving the Casselberry Prize Award of the 
American Laryngological Association for 1941, stressed the significance 
of the pH factor as a basis for the treatment of upper respiratory 
infection. With the advent of comparatively new and simple methods 
for measuring hydrogen-ion concentration, it is possible to awaken the 
clinician’s interest in a type of investigation that has practical appli- 
cation to innumerable and diversified fields. To offset the fact that 
nasal secretions, when collected, are susceptible to changes in pH 
almost instantly when they are exposed to air and are divorced from the 
normal milieu of the nose, the use of the glass electrode with its asso- 
ciated measuring equipment, the Coleman electrometer, has made it 
feasible to measure the pH of nasal secretions in situ with ease and 
precision. By conducting minute-to-minute readings of the pH values 
of nasal secretions in a group of patients observed daily for 2 years 
and graphically charting the results, it has been possible to explain 
adequately the wide range of nasal pH revealed in contributions else- 
where by workers employing other methods of procedure in studies of 
clinically normal nasal conditions and of acute rhinitis, acute rhino- 
sinusitis and allergic rhinitis. The pH of nasal secretions in situ 
describes a series of high and low points. At no time does the pH 
remain constant over an appreciable period. Its fluctuations in a 
clinically normal nose— from approximately 5.5 to 6.5— appear to 
follow a definite course. The futility of relying on only one pH reading 
is amply illustrated by the frequent numerical changes in pH values 
that occur when readings are recorded over one hour or more. The 
course of nasal pH is altered by the application of either cold or heat. 
Cold produces a drift toward alkalinity, heat a drift toward acidity. 
The pH of nasal secretions in situ during an attack of acute rhinitis or 
acute rhinosinusitis or during the more active phases of an attack of 
allergic rhinitis is alkaline. This finding has clinical significance, 
for those nasal vasoconstrictors which can lower the nasal pH from 
an abnormal alkaline status to a normal slightly acid status— a pH 
level between approximately 5.5 and 6.5— may perform a valuable 
function. Conversely, those nasal vasoconstrictors which raise, en- 
hance or perpetuate an alkaline nasal pH during these rhinologie 
conditions may prolong an undesirable status of nasal pH. Acceptable 
nasal therapy for acute rhinitis and acute rhino-sinusitis often includes 
the careful selection of an appropriate nasal vasoconstrictor, counseling 
the patient to obtain adequate rest and sleep, and the judicious admini- 
stration of external heat for the relief of pain in selected cases of acute 
nasal sinusitis. Each of these well-recognized therapeutic measures 
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produces but a single, uniform nasal pH phenomenon— acidity. All 
elective nasal surgery procedures which require the use of topical 
anesthetics and vasoconstrictors are performed in a completely acid 
nasal pH environment. At this time the pH of the nasal secretions 
in situ is acid, the topical anesthetics themselves are acid, the vaso- 
constrictors are acid, and the noticeable effect of the topical anesthetics, 
alone or in combination with a few drops of a vasoconstrictor, is acid. 
The actual return of the nasal pH to an acid status is accomplished— 
unwittingly or no— by every physician who prescribes certain well 
recognized nasal vasoconstrictors. Should the occasional therapeutic 
nihilist omit the use of a nasal vasoconstrictor but, in turn, utilize such 
measures as adequate sleep and rest and external heat, singly or col- 
lectively, the end result can be only that of establishing an acid nasal 
pH. Pabricant suggests that every nasal vasoconstrictor available 
to the public should satisfy two basic physiologic requirements: 1, the 
restoration and maintenance of normal ciliary activity; and 2, the 
possession of a slightly acid pH value between 5.5 and 6.5. He also 
suggests that silver preparations be standardized to n similar level, 
for those silver preparations, nasal vasoconstrictors and antiseptics 
which either raise, enhance or perpetuate the alkaline nasal pH found 
in acute rhinitis and acute rhinosinusitis prolong an undesirable status 
of nasal pH— an alkaline status in which the bacteria accompanying 
the acute infection find a fertile field for growth. To divorce and 
separate the ciliary factor from the pH factor is to tell- but half the 
story of applied nasal physiology. 

Physiologic experiments prove that an inspiratory stream of air can lie 
deflected and broken by the shape and position of the nasal aperture 
and also by any mechanical obstacle or alteration in the lateral and 
medial walls of the nose. The various structures which, if abnormal, can 
deflect these inspiratory air currents may be grouped under the general 
term “nares.” According to Cinelli,- 0 ' 6 they are the columella and 
anterior portion of the nasal septum, the alar cartilages with lateral 
and medial crura, the upper lateral cartilages and the small constrictor- 
dilator muscles of the nose. Collapse of the nares may be either func- 
tional or organic. In the functional type, the structural tissue of the 
nose is normal, but the patient does not breathe correctly. “He 
breathes with the nose, and not through the nose.” The proper cor- 
rective measure is to have the patient, before a mirror, breathe in slowly, 
deeply and long, with the nares intentionally dilated outward. The 
organic type of collapse of the nares may be incomplete or complete. 
The incomplete collapse is due to a weakened or atrophic eondit ion of the 
upper lateral cartilage. Correction is obtained by the implantation of 
cartilage with its attached outward perichondrium, which strengthens 
the middle third of the lateral wall, thereby giving sufficient mechanical 
support to prevent it from impinging toward the septum. The com- 
plete organic collapse is due not only to atrophy of the upper lateral 
and alar cartilages but chiefly to atrophy of the dilator and constrictor 
muscles of the nares. The nasal muscles play an important part in the 
physiology of the no-e and in the physiognomy, character and per- 
sonality; they are a source of emotional expression in the daily tasks 
and an understanding of their nature and function is of importance to 
persons engaged in the arts of painting and sculpture. To consider tln-e 
muscles rudimentary would be to destroy man's weapon of individuality. 
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The correction of complete organic collapse of the nares is surgical. 
The nares are transfixed laterally in such a position that they cannot 
collapse. The result is immediate improvement in breathing. 

The surgical establishment of nasal ventilation is discussed by 
Parkinson. 9 He writes that inadequate nasal ventilation is a common 
and important problem. It is due to a variety of pathologic entities, 
the most usual being persistent congestion, persistent edema, deviated 
septum and mucosal hyperplasia. Many cases are relieved by allergic 
or endocrine control, or by nasal or sinal treatment. The remaining 
causes can be relieved by intranasal surgery following sound and 
approved principles. As the causes of chronic obstruction vary, surgical 
measures must vary accordingly. Besides submucous resection, 
measures are outlined for resetting the inferior turbinate, reducing its 
erectile capacity, and removing portions that are hyperplastic. Intra- 
nasal antral windows are useful as additional space for resetting the 
inferior turbinate. This is recommended as a vlauable addition to 
ventilation surgery. Improved ventilation brings improvement in 
nasal physiology. Hilding 5 finds that rabbits develop suppurative 
sinusitis readily as a result of operative windows made between the 
maxillary sinus and the nasal cavity. Sinusitis is much more apt to 
occur if the window is made at or near the ostium than if it is made 
at a point distant from the ostium. A sinus may not be mutilated 
surgically with impunity in disregard of the physiology of the ciliary 
mechanism. Apparently, open windows, like scars, may disrupt sinus 
drainage if placed in positions where they interfere with ciliary flow. 
It is possible to make windows in such positions with reference to the 
ciliary mechanism that they do not seriously interfere with drainage. 
In a thoughtful discussion of the relationship of nasal obstruction to 
impairment of hearing, Johnson 6 states that the presence of an anatomic 
obstruction in the nose cannot affect the eustachian tube either by mis- 
directing the air currents in the nasopharynx or by causing inflammatory 
reactions in the tube. If, on the other hand, this obstruction causes 
a prolongation of infections of the upper respiratory tract, so that they 
more frequently go on to sinusitis, it is likely that the presence of 
infections in the.nose and in the nasopharynx would cause inflammatory 
reactions in the tube that might lead to adhesive processes in the 
middle ear. The inflammatory change, therefore, has been the result 
of the infection and not the direct result of the obstruction. The 
author reviews 46 cases of submucous resection for nasal obstruction. 
In 05% (30 cases) there was either no deficiency in hearing or only high 
tonal dips. In the cases in which some improvement of hearing was 
present the audiometric improvement was not sufficient to warrant 
urging the operation as a means of improving hearing. 

Noah D. Fabricant, M.D, 
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THE TRIVALENT ARSENICALS IN SYPHILIS. 

Part n. Treatment Reactions. 

This review is a continuation of the discussion of the trivalent 
arsenicals in syphilis which we began in a previous issue of this Journal 
(Am. J. Med. Sci., 201, 611, 1941). 

It is hardly necessary in a modern discussion of reaction to treatment 
with the antisyphilitic drugs to stress the importance of these reactions 
to the future of the syphilis program. It is obvious that the practising 
physician is ever seeking an arsenical preparation which will be both 
easy to administer, and when administered least incommoding to the 
patient, and at the same time, will produce the desired therapeutic 
effect. Although progress in this direction has been made recently 
(arsenoxide— Mapharsen), previous discussion has pointed out that the 
ideal has not yet been attained. Accordingly, it is still necessary for 
the physician to have a clear understanding of the types and significance 
of the various untoward reactions which he may encounter in the 
management of his patient with syphilis. It is not feasible in so short 
a review to give all the clinical data necessary for recognition of the 
various types of reaction. An attempt will he made, however, to 
analyze the various factors which may play a part in the production 
of these by-effects or arsenical medication. For purposes of discussion 
we have followed the classification of treatment reactions to the arseni- 
cals, proposed by the Cooperative Clinical Group 310 as follows: 

I. Mild. 

A. Castro-intestinal reaction 

B. Nitritoid reaction 

C. Pruritus 

I). Slight skin eruptions 

E. Transient kidney irritability 
II. Scrrrr. 

A. Acute yellow atrophy of the liver 

B. Aplastic anemia 

C. Arsenical stomatitis 

I). Crustaeeous dermatitis 

E. Icterus 

F. Ocular damage 

G. Purpura hemorrhagica 

II. Venous embolus 

J. Death 
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This classification is not all-inclusive, but is sufficient for practical 
purposes. 

Incidence. Relatively few large-scale or intensive studies of reaction 
to arsenicals have appeared in recent years. Waugh and Milovich 179 
have recently reviewed severe reactions to arsphenamine; various 
papers on treatment reactions in the United States Navy have been 
collected by Lt. Com. Stephenson and his co-workers ; 33,149_15U52 ®' & and 
reports by Ervin Epstein 41 '* on cutaneous reaction to Mapharsen; by 
Ireland; 73 the collected reviews by Cole and his associates, 30 and the 
Cooperative Clinical Group studies 31 ® on arsenical reactions are the 
principal American contributions. In evaluating published accounts 
of various reactions to the arsenicals, the degree of particularity with 
which the observer has collected his ‘material must be considered. 
Certain individuals will record the slightest reaction as significant, and 
thereby include in their totals data which do not figure in the estimates 
of other observers. Others rate only serious reactions as worthy of 
statistical estimation. The mechanical processes of collecting and 
recording reactions to treatment with the arsenicals affect the statistical 
results. It follows that two observers equally competent, working in 
presumably equally ideal situations, come to widely differing conclu- 
sions from their data. The following account summarizes some of the 
factors that appear to affect the occurrence of reaction in the treatment 
of syphilis with the arsenicals. 

Age, Sex, Race. The majority of reactions occur in the age groups 
in which intolerance of the drugs due to functional impairment of 
advancing years is to be expected. A partition of reaction incidence 
between youth and age was observed by the Cooperative Clinical 
Group 31 ® which found that there was an increased incidence of mild 
reaction in the age groups 15 to 19 and 20 to 24; consisting especially 
of gastro-intestinal and nitritoid reactions. As the age of the patient 
increased, mild reactions showed a tendency to decrease, but severe 
reactions tended to increase in frequency. This was especially true 
for crustaceous dermatitis (except in the 15 to 19 age group) and 
icterus, which rose from an incidence of 0.5% in the age group 15 to 19 
to 1.6% in the age group 45 to 49. Classifying reactivity by type of 
syphilitic involvement present confirmed these findings. Cole and his 
associates 30 found that in older individuals treated with arsphenamine, 
more icterus was seen than among younger patients. Skin eruptive 
reactions were more frequent below 35; pruritus above 35. Nitritoid 
reactions were observed more frequently after this age. In contrast 
with the earlier Cooperative Clinical Group findings, severe crustaceous 
dermatitis was observed almost entirely before the age of 35. Hemor- 
rhagic encephalitis was found by Cole and his associates 30 to occur 
more frequently in young adulthood. The Cooperative Clinical Group 
found that mild arsenical reactions were twice as frequent in females 
as in males in both colored and white races; while severe reactions were 
seen more frequently in whites without regard to sex. Cole and co- 
workers showed, furthermore, that white women are more reactive 
than negro women. Waugh and Milovich, 179 reporting the experience 
of the Hot Springs treatment center of the United States Public Health 
Service, found that there were 2.47 severe reactions per 1000 arsenical 
injections among the men, and 2.39 among the women. The incidence 
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was higher for white men than colored men, but was higher for colored 
women than for white women. The single case of acute yellow atrophy 
of the liver observed at Hot Springs occurred in a white man, and the 
single case of agranulocytopenia with angina occurred in a white woman 
with secondary syphilis. These observers found 1.S3 icterus reactions 
per 1000 arsenical injections among the men, and 1.14 among the 
women; and no difference in the incidence of icterus as between white 
and colored patients. Crustaceous exfoliative dermatitis was more 
than twice as common among women as among men; and about the same 
for the white and colored races. They found, furthermore, that this 
reaction was almost twice as common among white women as among 
white men, and four times more common among colored women than 
colored men. While the United States Naval statistics 33 ’ 149 - 151,15 ' 0 -*’ 
cannot be used for comparative purposes here, the generally accepted 
idea that women are more reactive than men may to some extent 
account for the low incidence of reaction in the Naval statistics which 
concern men, and young men at that. The role of pregnancy and 
other factors explaining the apparently increased incidence of treat- 
ment reactions to the arsenical in women will be presently discussed. 

Rajam 1 - reported his experience with reactions and complications 
in the course of administration of 24,550 doses of neoarsphenamine to 
7160 East Indians with syphilis. His statement that this race does not 
tolerate neoarsphenamine is well borne out by his figures; dermatitis 
was produced in 1 of each 126 patients treated, an incidence of 1 to 147 
for men and 1 to S3 for women. The individual dose of neoarsphena- 
mine never exceeded 0.3 gm., yet there was 1 case of dermatitis for 
each 431 injections; 1 to 514 for the men and 1 to 264 for the women. 
There were 3 deaths. Jaundice, however, was less than half as com- 
mon, but in this series hemorrhagic encephalitis developed in 6 cases. 
In his masterly study of blood dvserasias in the treatment of venereal 
diseases, the late E. T. Burke ls found that approximately 0.5% of 
women patients and 0.3% of male patients in his Whitechapel series 
(1934-3S) developed blood dvserasias. Burke found sulfarsphenamine 
to be the common factor in all of his cases, but does not state whether 
more men or more women were treated with this drug. 

In connection with the effect of race, Sampson and Latvcn 1M showed 
that there is a definite and constant difference in the tolerance to neo- 
arsphenamine of albino rats from different colonies or racial strains. 
It is apparent from their experiments that it is not possible to make a 
significant comparison of toxicity among samples of neoarsphenamine 
when rats from different strains are used. 

Relation of Humber of Treatments and of Dosage to the Frequency 
of Arsenical Complications. There is little doubt that patients may 
acquire extraordinary tolerance to the arsenicals, as exemplified by 
the remarkable case of I’liotino>, ,M in which a woman patient was given 
a total of 191 gm. of neoarsphenamine in 230 injections of which 190 
were 0.9 gm. each, during a period of 6 years. As a general rule, the 
percentage of persons having reaction rbes from the sixth to the tenth 
injection, and then remains more or less stationary up to the sixteenth 
to twentieth injections. From this point there is a further ri-c, which 
then declines to a low point between the thirty-first and the thirty-fifth 
injection. Harrison' 45 and Cole and his co-workers'" have both ob- 
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served severe reactions often from the seventh to the fifteenth dose. 
The Cooperative Clinical Group 310 found that reactions either of the 
mild or severe type occurred with the greatest frequency during the 
first course of treatment, and dropped off gradually with each succeed- 
ing course. Waugh and Milovich 179 found that 87 % of the crustaceous 
dermatitis reactions occurred less than 2 months after the beginning 
of treatment. Twenty-two per cent followed 1 to 6 arsenical injec- 
tions. In the Cooperative Clinical Group material 67 % of the crusta- 
ceous dermatitis manifested itself before the second month of treat- 
ment; 53% following 1 to 6 injections, and 14% following 7 to 12 injec- 
tions. In Waugh and Milovich’s series, men received an average of 
11 injections of arsphenamine and the women 13. Burke 18 believed 
from his experience that postarsphenamine blood dyscrasia is unrelated 
to dosage but that it tends to appear late in the course of treatment. 
Our experience corresponds to that of Burke. It is probable that in 
this and some other types of reaction ( c . g., hepatic) subthreshold 
injury begins long before the symptomatic reaction appears and can 
be detected by appropriate tests (c. g., blood smears and counts, icterus 
index). 

Type of Syphilis and Incidence of Arsenical Reaction. The Cooper- 
ative Clinical Group 310 found that in early syphilis, the rate for mild 
reactions was 3 times higher than for severe reactions. Severe reac- 
tions, however, showed their highest incidence in primary syphilis 
followed by a lessened incidence in secondary and latent syphilis. 
Waugh and Milovich’s 179 report showed the incidence of severe reac- 
tions to be about the same in all the earlier stages of syphilis; being 
2.4 per 1000 arsenical injections for primary syphilis, 2.69 for secondary 
syphilis and 2.41 for latent syphilis. They also found that the incidence 
was considerably higher for the white patient with primary syphilis 
and slightly higher for white patients with secondary syphilis. In 
latent syphilis the incidence for the colored was slightly higher than 
that for the white patient. Cole and his associates, 30 in their attempt 
to determine whether the stage of syphilis during which the patient 
began treatment influenced the type of complication occurring, found 
that among the early cases the incidence of gastro-intestinal reactions 
was 27.7 %, whereas among the latent cases the percentage was nearly 
doubled — 50.6%. A much higher percentage of patients with early 
syphilis suffered slight skin reactions than of those who began treat- 
ment while in the latent stages. There were twice as many nitritoid 
reactions among the latent cases as among the early cases. Patients 
with treatment-resistant syphilis have been found to be specially reac- 
tive to the arsenicals by Jessner 76 and by Beerman. 13 ' This fact may 
be indirectly concerned in the production of treatment-resistance since 
a reacting patient can only be given smaller doses which in turn may 
produce treatment-resistance. 

Effect of the Type of Arsenical Drug on Reaction. Excluding such 
factors in individual drugs as certain metallic elements ( e . g., silver in 
silver arsphenamine which may produce argyria, 220,121 there are a num- 
ber of differences in the reaction tendencies of the various arsenical 
drugs. As in any of the factors discussed in this review, this one factor 
of drug type cannot be used in itself to explain the incidence of reac- 
tivity of a given group of patients to the arsenical. The experience of 
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the Cooperative Clinical Group 310 revealed that for mild reactions the 
rate per 1000 injections was practically identical for old arsphenamine 
and neoarsphenamine, somewhat lower for silver arsphenamine, sulf- 
arsphenamine and Bismarsen (bismuth arsphenamine sulfonate). The 
incidence of severe reaction following sulfarsphenamine was 3.5 per 
1000 — a higher rate than that for arsphenamine or neoarsphenamine, 
due to the disproportionately high incidence of crustaceous dermatitis 
and purpura htemorrhagiea. Severe reactions from old arsphenamine 
(606) were no higher than from neoarsphenamine. The complexity 
and confusion inseparable from the reaction problem is well illustrated 
by the contrasting experience with sulfarsphenamine (used from 1925 
to 1939) of the United States Naval Medical Department. 1520 Among 
29,438 injections reported, there were in the Navy’s experience only 
17 mild, 8 severe, and no fatal reactions to sulfarsphenamine. During 
the year 1939, 943 doses of this drug were administered with no reac- 
tions whatsoever. In the 15-year period the incidence of reactions to 
117S doses of sulfarsphenamine is somewhat higher than the average 
ratio of 1 to 1470 doses computed for 8 arsenicals, trivalent and penta- 
valent, used by the United States Navy. On the other hand, E. T. 
Burke, in his study of blood dyserasias, 18 maintained that although all 
sulfarsphenamines are much more prone to give rise to dermatitis and 
blood dyserasias than are arsphenamine, neoarsphenamine or arsphena- 
mine diglucoside, certain brands of sulfarsphenamine are much more 
likely to cause this particular reaction. He believed that the variation 
in the toxic effects observed in the use of different brands appears to be 
related to molecular structure and this, in turn, to process of manu- 
facture. He appealed for a greater degree of standardization in this 
reported group of remedial agents. Just as the different arsenicals or 
brands of arsenicals, or even of lots of the same arsenical, vary in thera- 
peutic potency, so may they vary in reaction-producing tendency. 
Sulzberger and Simon' 00 noted in connection with the differing qualities 
of various lots and brands of neoarsphenamine that there was a varying 
sensitizing proclivity in man as well as in animals, for the various drugs. 
Cole and his associates, 30 in discussing the comparative number of 
complications among patients treated with arsphenamine and those 
treated with neoarsphenamine, found little or no difference in the 
number of reactions as between the two drugs (15% reaction for 
arsphenamine and 10.7% for neoarsphenamine). 

Mapharsen (arsenoxide), it will be recalled, has as one of its strongest 
appeals and recommendations an exceptionally low incidence of reac- 
tion. Epstein, compiling data from 92,000 Mapharsen injections 
from his own experience and the literature, found skin reactions, includ- 
ing exfoliative dermatitis, from one-half to one-third or even only one- 
ninth as frequent as with the other arsenicals. This was especially 
true of exfoliative dermatitis. 

In common with Appel, 15 Jordon and Tracnkle," Cole and Palmer, 20 
Astrachan and Wise. 7 Kpstcin <H therefore recommends the me of 
Mapharsen in patients intolerant to other arsenicals. He suggests, in 
view of the experience of Parsons, 1 ' 1 * I’oerster and his associates, 
Kulchar and Barnett. 1 "* and Marshall.” all of whom reported recur- 
rences of crustaceous dermatitis after the intravenous injection of 
Mapharsen or a pruritus and erythema after such an event, that patch 
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tests be used before the administration of Mapharsen to previously 
dermatitie patients. Fatalities 81,123,126 ’ 143,145 to Mapharsen are extremely 
rare. Mention has already been made of the lessened toxicity of the 
Mapharsen when used in the continuous intravenous drip method of 
massive arsenotherapy as compared with neoarsphenamine. On the 
basis of lessened toxicity, Rein and Wise 126 have found arsenoxide 
(Mapharsen) a convenient medication for treatment of syphilis in 
office practice. In addition Mapharsen has been advocated, contrary 
to our considered opinion unless under expert direction, as a substitu- 
tion product for neoarsphenamine and other arsenical drugs in various 
of the severe reactions. Acetyl-glycarsenobenzene (Solu-salvarsan) 61,64a 
has been mentioned previously along with Thio-Arsene 11, 32,40,129 as 
drugs which have been abandoned in this country because of high inci- 
dence of reaction. Trisodarsen’s 1540 reaction incidence is under investi- 
gation, though Givan and Villa, 52 employing this drug in congenital 
syphilis, reported it well tolerated by intravenous and intramuscular 
routes. Bismarsen (bismuth arsphenamine sulfonate) 600,111,159,187,171 has 
a low incidence of reaction and in selected cases can be used as a sub- 
stitute for other arsenicals to which the patient is reactive. The 
incidence of hematopoietic accidents is low, though a few recent cases 
have been reported. Sulfarsphenamine, silver arsphenamine, neo- 
arsphenamine and arsphenamine have been adequately discussed in 
Part I of this review. 

Diet, Nutritional State as Factors Influencing the Occurrence of 
Arsenical Reaction. In the past decade, and especially in the past 
6 years, much progress both clinically and experimentally has been 
made on the effect of diet and other nutritional states on the back- 
ground of arsenical reaction. There have, of course, been impressions 
that starvation, impaired nutritional states induced by the blockade in 
the First World War, poverty and other factors predisposed patients 
to treatment reactions from the arsenicals. It is now clear, however, 
from studies beginning with that of Craven, 35 substantiated by Schif- 
rin, 138 and recently further confirmed by Messinger and Hawkins, 102 
that for the liver at least, diet plays a major role in the prevention of 
damage by the arsphenamines. Craven 35 showed that dogs on a high 
fat and high nitrogen diet obtained maximum protection against liver 
injury resulting from the administration of arsphenamine. Of these 
two diets, Craven found that the former was more advantageous. A 
high carbohydrate diet, on the other hand, led to maximum suscepti- 
bility to liver injury caused by arsphenamine. He also indicated that 
starvation is an important factor predisposing toward liver injury 
caused by the arsphenamines. Cystine added to the diet or given 
intravenously did not increase the protective action of a carbohydrate 
diet. Schifrin 138 came to much the same conclusion as Craven, with 
reference to the failure of carbohydrate diets to protect the liver against 
injury from arsphenamine, even when a large amount of glycogen was 
demonstrable in the liver. He found, however, in contrast to Craven, 
that a high fat diet also left the liver sensitive to the ill-effects of 
arsphenamine; but that a diet rich in albumin was the most effective 
in preventing liver injury by this agent. Beerman, 135 using rats instead 
of dogs, could not confirm or disprove the contentions of either Schifrin 
Or Craven. In 1940, Messinger and Hawkins 102 found protein to be 
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most effective in protecting dogs against arsphenamine liver injury. 
On a protein diet the liver injury wa s trivial and promptly repaired. 
They, however, found a carbohydrate diet also beneficial but not as uni- 
formly protective, and liver injury following this latter diet, when it 
occurred, seemed more severe. Fat proved to he deleterious and the 
fat-fed arsphenamine-treated dogs showed markedly progressive jaun- 
dice, severe liver injury and intoxication to the point of death. 

Sulzberger, working with Mayer, 1S4 Simon 166 and others, on experi- 
ments with arsphenamine sensitization in guinea-pigs, found that 
guinea-pigs could be sensitized by intradermal injections of neoarsphena- 
mine with great ease and regularity in Breslau, Germany; Boston, 
Mass.; Zurich, Switzerland; Odessa, Russia; and Ottawa, Ontario. 
But with the same technique, when fed on New York fodder, it was 
practically impossible to sensitize New York guinea-pigs in New York 
City. Sulzberger and Simon believed the cause of this variation in 
susceptibility to sensitization was not racial or constitutional, for 
New York guinea-pigs when transported to Breslau and Zurich could 
there be sensitized with ease. Sulzberger and Mayer believed that 
green fodder (alkaline ash) inhibited and dry fodder favored sensitiza- 
tion. Further observations reported by Sulzberger and Simon sug- 
gested that different lots of neoarsphenamine may have been factors 
in varying sensitizing effects as measured by a so-called sensitization 
index in men as well as in animals. They believe that this index is 
independent of the actual toxicity of the arsenical as such. 

In the past 7 years beginning with the experimental work of Sulz- 
berger and Oser,'“ there has been much interest in the question of 
relationship of vitamin C (cevitamic acid) to various types of sensi- 
tivity. The problem has been studied by a number of workers in 
connection with arsenic sensitivity in animals and in man. Certain 
of these investigators found that vitamin C, administered by various 
routes, 1 ) ie lped to prevent reaction to 
arsenicals while certain ot h ers 23 ‘ 1,8 have not been so convinced 

of the value of this vitamin as a reaction inhibitor. DureP 96 further- 
more believed that using vitamin C in solvents for arsenicals reduced 
the therapeutic effectiveness of the drugs. This was denied by Dainow 17 
and partially by Cormia, 54 ' This subject is in such a state of flux 
that it is impossible at the moment to say definitely whether vitamin C, 
administered orally or bv parenteral route, has any significance in the 
reduction of arsphenamine reactivity. On the other hand, there is 
accumulating evidence to suggest that such a relation does exist, 
insofar as the use of vitamin C-containing solvents for neoarsphena- 
mine administration has proven effective in reducing neoarsphenamine 
toxicity. Furthermore, Corinia 54 ' 1 presented convincing evidence of 
the influence of vitamin C in arsphenamine sensitiveness, by giving 
0 patients who had recovered from definite arsphenamine dermatitis, 
massive doses of vitamin C (‘>00 mg. intravenously daily for 7 days). 
After a cautious intravenous test with minute doses of the same brand 
of arsenical which had produced the cutaneous reaction, .7 of the 
0 patients were eventually able to Jake full do<es of the arsphenamine 
without further cutaneous reaction. The patch test previously positive, 
became negative in 3 of -i patients subsequently tested. Cormia kept 
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his patients’ vitamin C levels high by daily oral administration of 100 
to 200 mg. of the vitamin. 

Wien 183 also made a study with large numbers of mice, to see the 
effects of simple variations in an ordinary laboratory diet on resistance 
of mice to mercurochrome and neoarsphenamine. His results con- 
firmed the belief that in mice, the toxicity of the drug is among other 
things dependent on diet. He was able to demonstrate, for example, 
that in toxicity determinations of neoarsphenamine preparations made 
on various diets, different values were obtained for the average lethal 
dose under different diets. He suggested that toxicity determinations 
for arsphenamine preparations be made simultaneously with the stand- 
ard brands. 

Nervous States and Reaction to Arsenical Therapy. The influence 
of nervous factors on any of the arsphenamine reactions is difficult to 
evaluate. Suggestion, apprehension, and undue emphasis on the like- 
lihood of reaction on the part of the treatment-room technician or 
physician at times seem to increase the occurrence of the immediate 
reaction. The mechanism for the production of such effects at least 
for cutaneous reaction has been discussed elsewhere. 164 - 168 In addition, 
the repetition of visits to the clinic or office with the concomitant 
repetition of the same emotions which the patient experienced at the 
time of the first visit, when the diagnosis of syphilis was made, may 
lead to a heightened emotional state on the part of the patient. Eventu- 
ally, prolonged therapy may lead to what Cormia 3417 has called the over- 
treatment syndrome, in which the patient complains of a striking 
degree of nervous irritability. Occasionally patients with this syn- 
drome produced during arsphenamine treatment developed actual 
arsenical reactions, such as herpes zoster, nitritoid crises, and thrombo- 
cytopenic purpura. 

Seasonal Influences on Arsenical Reactivity. Mention has already 
been made of Sulzberger’s, Mayer’s and their associates’ work on the 
effect of differing geographic areas as factors in the sensitization pro- 
clivities of various arsenical drugs. This work, to some extent, is cor- 
roborated from the standpoint of the effect of sesons by the studies of 
Akiyama and his associates 1 who found among the reactions occurring 
in 3016 cases treated with arsphenamine in the period from 1921 to 
1937, that the arsphenamine exanthemata were seen most frequently 
in January and June. 

The Cooperative Clinical Group 310 made observations of the effect 
of different years in which the treatment was given on the incidence of 
treatment reactions to the arsenicals. The rate per 1000 injections 
for severe reactions dropped in all the clinics progressively from 1920 
to 1931 inclusive. On the other hand, with mild reaction, after a 
great increase in the year 1921, the rate ran about level until the 
period 1926-29 when there was a pronounced increase which later 
dropped to the lowest level of the entire period. This increase in this 
5-year period seemed to be explained as due to greater care in observing 
and recording mild reactions. Perhaps because of increased attention to 
mild reactions, the rate of severe reaction fell to a level of only 1.6 per 
1000 injections in the years 1929-31 as against 3.1 in the years 1920-22. 

From 1925 to 1933, in a comparison of the yearly incidence of post- 
arsphenamine and infectious jaundice, Wile and Sams 184 noted that 
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nearly 60% of their cases of late postarsphenamine jaundice occurred 
during the years 1930, 1931 and 1932. At the same time about half 
of the cases of infectious jaundice treated in the hospital from 1925 to 
1933 occurred. Ruge 131 and Stokes, Ruedemann and Lemon 160 had 
previously noted a close parallelism between the occurrence of post- 
arsphenamine jaundice and infectious jaundice. In connection with 
seasons, the incidence of intercurrent infection at various times of the 
year probably plays a part in the frequency of reactions and in their 
severity when they occur. 

Wile and Sams 184 in their study of jaundice in syphilis found that 
there was a tendency for late jaundice to be slightly more common in 
the winter months, but this is not so marked as with infectious jaundice. 
This tendency has been previously noted by others (Todd, 172 Stokes, 
Ruedemann and Lemon, 160 Ruge 131 ). Stokes, Ruedemann and Lemon 
definitely showed that their cases of jaundice were greatest in number 
during the months of respiratory and systemic infections, and approxi- 
mately half the number had associated upper respiratory tract dis- 
turbances in the prodromal stage. 

Pregnancy and Toxemia of Pregnancy in Treatment Reaction. The 
normal effect of pregnancy on the various organs of elimination would 
lead one to suspect that any other extraneous influence with potential 
hepatotoxic and nephrotoxic action would increase greatly the likeli- 
hood of reaction to the arsenicals in pregnant women. Furthermore, 
the question of whether arsenicals given to pregnant women could 
possibly increase the likelihood of the so-called toxemia of pregnancy 
needs fuller investigation. Several recent discussions of the subject, 
particularly that of the Cooperative Clinical Group, 314 by McCord, 93 
and by Cole, 28 convey the impression that pregnant syphilitic women 
tolerate arsenical therapy well. McCord has apparently never seen a 
serious treatment reaction or death in the medical supervision of more 
than 2000 syphilitic pregnant women. On the other hand, Ingraham, 72 
in a carefully documented study of the complications due to arsenical 
therapy in syphilitic pregnant women, recorded 7 maternal deaths, 
the study being based largely on data obtained from antisyphilitic 
therapy reported from six different sources to the Committee on 
Maternal Welfare of the Philadelphia County Medical Society, since 
1931. He was able in addition to collect 35 more deaths from the 
literature which he believes indicate that the pregnant syphilitic woman 
is not exempt from any of the severer types of treatment reaction, 
such as hemorrhagic encephalitis, acute circulatory collapse, damage 
to liver, arsphenamine dermatitis and aplastic anemia, all of which 
have been causes of death. He believes, moreover, that there is evi- 
dence to indicate that antisvphilitic treatment may aggravate an 
already existing toxemia of pregnancy, or precipitate an incipient one. 
Moore 105 has taken exception to Ingraham’s findings and in a study 
sponsored by Moore and made by Peckham, 119 it was shown that in a 
series of 13,742 consecutive deliveries at the Johns Hopkins Hospital, 
the incidence of toxemia of pregnancy was somewhat lower in 
syphilitic than in non-syphilitic patients. Xo correlation could be 
established in the study between the stage of syphilis at the time 
of its diagnosis and treatment during pregnancy and the frequency 
of toxemia. Peckham concludes that antisyphilitic treatment admin- 
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istered to syphilitic women during pregnancy does not increase the 
incidence of toxemia of pregnancy. The question of the influence of 
pregnancy on treatment reaction is still open, but the Reviewers feel 
that conservative individualized therapy during pregnancy with care- 
ful attention to detail will yield little or no excess of untoward reaction, 
in spite of the fact that individual isolated cases of serious reaction 
may occur in spite of careful control. 

Role of Intercurrent Infection in Untoward Reaction to the Arsenicals, 
While this subject has been best worked out in connection with cuta- 
neous reaction, undoubtedly the principles can be extended to apply to 
other types of reaction occurring in patients receiving arsenicals who 
are subject to intercurrent disease, fungus infection, or foci of infection. 
The role of intercurrent infection in untoward reactions to antisyphilitic 
treatment can be divided according to Dudley Smith 144 into two parts: 
1, the harmful effect of antisyphilitic drugs on other infections; and, 2, 
the part which intercurrent infections play in producing harmful reac- 
tions in syphilitic persons. In 1921 Moore and Keidel 106 published an 
extensive study relative to the appearance of various skin diseases, 
including exfoliative dermatitis and other less complex reactions such 
as urticaria, erythema, herpes simplex and so forth following antisyph- 
ilitic treatment with arsenicals. They intimated that the secondary 
dermatoses like herpes could possibly result from something more than 
the actual local toxic effects of the arsenic, and were inclined to accept 
Milian’s contention 103 that certain eruptions produced by the arsenicals 
are like acute exanthemata such as measles, and due to a lighting up 
of latent bacterial infection. Stokes and Cathcart 160 were pioneers in 
calling attention to the influence of focal and intercurrent infections 
on arsenical dermatitis. In 1934 Stokes and Kulchar 157 extended the 
concept to include dermatophytosis. According to these authors a part 
of the influence of infection was probably exerted through the allergic 
mechanism of arsphenamine sensitization, and involved the conception 
of multiple balanced and summation effects as suggested by Vaughan 175 
in general, by Harkavy and Hebald 63 for infectious asthma and arthritis, 
and by the observations of Moore, Woo and Robinson 107 on the reac- 
tivity of atopies to arsphenamine intradermally. When the infection 
involves the skin in antecedent or induced dermatitis from other causes, 
the local dermatitic focus acts as an excitant to the general flare-up 
following arsenical medication. Dermatophytic infection may appar- 
ently act as a participant in a balanced or a “summation” allergic com- 
plex involving an arsenical, an arsenical extending the range and 
increasing the severity of the allergic dermatitic response to the drug. 
A dermatophytic focus may also conceivably serve through the induc- 
tion of local vasodilatation as the starting point of an “arsenical” 
dermatitis. Minute amounts of arsphenamine in arsphenamine-sen- 
sitive patients may flare up and generalize a local, apparently mycotic, 
dermatitis. The interaction of a drug on infection allergy may be 
reversible, and may in some cases take the course of Milian’s “activa- 
tion” of the infectious focus with the appearance of an exanthem of 
the toxic erythema type and a flare-up of the local focus in the case of 
bacterial infection, or an exacerbation of a localized mycotic process 
or a “mveotid” in the case of a fungus infection. Their experience 
led Stokes and Kulchar 157 to suggest that in dealing with an arsphena- 
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mine dermatitis in patients with focal infective lesions, mycotic or 
bacterial, treatment should be directed, albeit with caution, at the focal 
as well as at the general process. In 1937 Stokes and Callaway 155 
expressed the opinion that intercurrent infections like influenza may 
exercise a sensitizing influence to pyogenic and mycotic dermatoses as 
well as to light. Smith, in his study, quotes a number of observers, 
one of whom, Weiss 181 pointed out in 19 25 that fatal accidents following 
antisyphilitic treatment sometimes can be prevented if caution is 
observed in treating patients with acute infections, especially pneu- 
monia. The pneumonia induction may be in part due to mechanical 
and allergic effects involving the pulmonary circulation. He also cited 
Cornua 340 (1936) in his work on experimental arsphenamine dermatitis 
which showed that staphylococcus toxin did not increase the incidence 
or severity of the reactions to arsphenamine in guinea-pigs, and similar 
results were observed in guinea-pigs infected with streptococci. Smith 
comments that this does not reproduce the situation found in inter- 
current infections in man. Netter and Urbain 110 felt that from their 
studies with the virus of herpes zoster that arsphenamine as well as 
other agents is responsible for cases of secondary zoster because the 
drug possibly stirs up to activity a latent virus in the ganglia. Much 
of the jaundice which occurs during arsenical therapy and is attributed 
to the tonic effects of the drug is in all probability the expression of an 
epidemic of infectious hepatitis. (Stokes, Iluedemann and Lemon ;' co 
Ruge; 131 Wile and Sams; 184 Lane 87 and others.) 

Technical Elements in Reaction Production. It is not intended under 
this heading to discuss such well-known causes of reaction as the use 
of deteriorated drugs, aeration of neoarsphenamine through shaking, 
improper alkaiinization of arsphenamine and so forth. 

In 1931 Hirshfcld, Hyman and Wanger 65 produced and described 
“speed shock.” They demonstrated that the rapid intravenous intro- 
duction of pharmacologically active or inert chemicals, drugs and bio- 
logic fluids may frequently give rise to immediate and far-reaching 
non-specific sequelre, at times serious and occasionally fatal. The 
clinical syndrome of "speed shock” occurs 40 to 60 seconds after injec- 
tion. The reaction was apparently not a species idiosyncrasy since it 
could be obtained in cats, dogs, monkeys and man. Anesthetics and 
narcotics were unimportant factors in production since the syndrome 
was produced in unanesthetized animals. The antidote to speed shock 
was a slow infusion or intravenous “drip,” which was developed for 
various purposes and lately introduced into chemotherapy. Hyman 
and his colleagues'’ 3 '' 5 '’' 4,70 felt that if the concept of “speed shock” 
were correct and the immediate toxic effect that followed the introduc- 
tion of chemotherapeutic agents were technical rather than pharma- 
cologic, potent therapeutic agents might be administered in “ doses far 
greater than at present employed, and this without serious damage to 
the cells of the host.” This concept has reached fruition in the intra- 
venous arsphenotherapv. Hyman, in an interesting study on the sub- 
ject, 83 compared the toxic phenomenon of the intravenous massive do-e 
chemotherapy with routine treatment. Contrary to expectations he 
states that there do not appear to be late toxic complications ari-inc 
from excessive dosage or accumulation, although difficulties due to 
idiosyncrasies do crop up unexpectedly causing treatment morbidity 
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and treatment mortality. The incidence of these closely approximates 
those of routine therapy and because the results of therapy approach 
the goal of the chemotherapist, Hyman believes they would seem to 
justify the hazards of increased toxicity if present. 

The incidence of reaction in massive arsenotherapy has been well 
studied by the Baehr-Chargin group. 10 In his recent compilation of 
the toxic manifestations, Chargin illustrates the complexity of this prob- 
lem of dosage and reaction incidence. He states that in previous 
experience with 111 patients treated by the continuous intravenous 
drip method with neoarsphenamine, there was 1 fatality due to hemor- 
rhagic encephalitis and 1 recovered case, and a rather high incidence 
of polyneuritis (38%). This led to the substitution of Mapharsen for 
neoarsphenamine, which subsequently proved to be less toxic and 
possibly equally efficacious therapeutically. This substitution of one 
drug for another is not as simple an explanation as it would seem on 
the surface, for the cause of the difference in toxicologic manifestations, 
inasmuch as the Mapharsen was used in a dosage much lower than that 
previously employed in the case of neoarsphenamine (1200 mg. Maphar- 
sen as compared with an average dose of 4 gm. (4000 mg.) neoarsphena- 
mine). From the experimental side, however, Magnuson and Raulston 98 
found that the maximum tolerated dose and the minimal lethal dose are 
such as to indicate the need for considerable caution in the administra- 
tion of massive doses of Mapharsen to patients by the continuous drip 
method. 

In a preliminary report on the rapid intensive treatment of early 
syphilis with multiple injections of Mapharsen, comprising 275 cases 
treated with Mapharsen alone and 141 cases treated with Mapharsen 
and fever, Thomas and Wexler 169 showed that the combination of 
intravenous typhoid vaccine and Mapharsen, especially when both are 
administered the same day, give more frequent transitory toxic effects 
than Mapharsen alone, but no clinical evidence of hemorrhagic enceph- 
alitis developed in 141 cases. By reducing the number of fever bouts 
and omitting Mapharsen the days when fever is given they believe the 
occurrence of even minor toxic effects can be materially reduced. 
Cannon 226 using a simplified syringe technique for administering old 
arsphenamine (606) gave 16,943 injections to 1187 patients (1053 adults 
and 134 children) ; 77 % of these injections were well tolerated. 

Another technical consideration which has, recently been pointed 
out in connection with new drugs but for which there is no apparent 
explanation, is the rate of injection by the syringe method of neo- 
arsphenamine as compared with Mapharsen. The former must be 
injected slowly in order to avoid reactions, whereas Mapharsen is better 
tolerated when injected by rapid procedure. 

Consideration of Individual Types of Reactions to the Arsenicals: 
Cutaneous Reactions. New types of cutaneous manifestations have 
been recently reported which deserve only mention, as follows: vesico- 
bullous dermatitis, 108 unusual reticular fibro-atrophoderma, 41c and 
vitiligo. 23 Fixed eruptions due to the arsphenamines have been thor- 
oughly reviewed by Chargin and Leifer 26 whose series (69 patients) 
seems to be the largest recorded. Of these 69 receiving one of the tri- 
valent arsenicals, the drug was clearly responsible for the fixed erup- 
tion in 68. Chargin and Leifer felt that race was an important pre- 
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disposing factor inasmuch as 79% occurred in negroes, 19% in whites, 
and 2 % in the yellow races. The lesions were most common on the 
face and were also observed over the entire body, but not on the scalp, 
palms and soles. The mucous membrane of the mouth was involved 
in 2 cases. In descending order of frequency the precipitating drugs 
were arsphenamine, neoarsphenamine, silver arsphenamine, Mapharsen, 
and Trisodarsen. Lesions produced by one trivalent drug may be acti- 
vated by other trivalent drugs and also by some pentavalent drugs. 
Activation only follows the use of the intravenous or intramuscular 
route. Patch tests and iontophoresis have been consistently negative. 
Full-thickness autotransplants of the involved skin in 3 patients failed 
to react when the drag was readministered. None of these cases pro- 
gressed to exfoliative dermatitis or any other type of arsenical derma- 
titis in spite of continued arsenical therapy. Since all trivalent arseni- 
cals do not produce fixed eruptions with equal frequency, it is possible 
to continue therapy uneventfully by changing the type of arsenical. 

While according to the work of Osborne and his co-workers 1140,6 ’ 115 (c/. 1CS ) 
the trivalent arsenicals and the pentavalent arsenicals have a different 
point of attack in the skin, reports have now appeared which would 
tend to indicate that the possibility of sensitization to both trivalent 
and pentavalent arsenicals in the same patient is possible. This con- 
cept was exemplified by the cases of Epstein, 416 Golz 58 and Franks and 
Fisher. 43 This observation should lead to caution in further arsenical 
therapy with a pentavalent compound in a patient who has once 
recovered from a reaction to a trivalent arsenical compound. 

Another cutaneous reaction to arsenical therapy worthy of mention 
is the so-called erythema of the ninth day. This cutaneous reaction 
has been redescribed by a number of individuals, including Keim, 80 
Epstein and Levin, 41 Goldman and his associates, 55,57 Sprafke, 148 Peters 
(Ain. J. Syph. Gonor. and Ven. Dis., 25, 527, 194), and others. 31,606 
This eruption, originally designated by Milian as “erythema of 
the ninth clay,” is an entity which should be differentiated from 
the exfoliative dermatitis of arsenical causation and certain acute 
exanthems. The mechanism of this reaction is unknown. Milian 
considered it a toxic erythema from the flaring of a latent non-syphilitic 
infection focus by the drug. Other speculations include a supposed 
response of the autonomic nervous system to either the dose or the 
type of trivalent arsenical or the mode of injection. The eruption is 
usually acute, coming on 7 to 10 days after the institution of arsenical 
treatment, and thus usually with the second injection. The onset 
suggests that of an acute infection with chills and fever 24 hours after 
the injection. From about the second to the fourth day the eruption 
appears and may be indistinguishable from that of tneasIe-> or even a 
rather coarse type of scarlatiniform erythema. Edema of the eyelids 
often occurs but there is usually no coryza. The comparatively small 
degree of involvement of the mucous membrane without Koplik's spots 
assists in differentiation. This prove- s is self-limited and may or may 
not be as-ociated with a variety of complaints. Further arsenical 
treatment is not contraindicated. 

The newer conceptions of the clinical aspects of po-tar-phenaminc 
dermatitis have been sufficiently de-cribed (Stoke-, 1 ” Sulzberger, 1 ' 1 
Conning 16 t ' / - i ! E. Epstein 410 and many others). Whether or not 
arsenical therapy can he continued after this complication is always a 
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critical question. Patch tests with the arsenical have proved unreli- 
able (Beerman 1M ) and the possibilities of the harmful effects from 
them have been pointed out by Bechet , 12 Beerman , 130 and Schoeh. 130a>i 
Cautious testing of tolerance by intravenous testing of minute doses has 
been proposed by Robinson . 128 Schoch and his collaborators 140 side- 
step the difficulty by substituting Mapharsen successfully for the 
arsphenamine in 40 cases. The initial dose for the tolerance test 
should be 1 mg. Even minute doses are not tolerated by patients who 
have once sustained a severe exfoliative accident after neoarsphena- 
mine. Schoch and his co-workers found that patch-testing with 
Mapharsen ( 3.3 % solution) is a more reliable test of tolerance than the 
corresponding concentration of neoarsphenamine in patch-tests. 

Liver Damage Due to Arsenical Compounds. The pharmacologically 
known hepatotoxicity of arsenic has led to a good deal of post-hoc think- 
ing on the hepatic reactions to arsphenamine and other antisyphilitic 
arsenical treatment. When a patient under treatment with an arsenical 
develops jaundice, not less than six, and probably several more possi- 
bilities must be considered. It has become increasingly clear that epi- 
demic waves of postarsenical jaundice, man} 1 - cases occurring months 
and sometimes years after the exhibition of the drug, are in reality 
catarrhal infective accidents to which the drug may or may not have 
served as a predisposing cause (Stokes, Ruedemann and Lemon , 160 
Wile and Sams , 184 Sager . 134 (See also 5.20.61.59,62.74.75.85,87.96.112,124,131.146.147,180,) 

The entire subject has recently been thoroughly reviewed by Lane 87 
on the basis of a series of 100 of his own cases, from which he concludes 
that syphilis alone seems a relatively rare causative factor; that arsenic 
alone does not explain the complication, though it exerts an influence 
in most cases; that bismuth appears to participate in some degree; that 
tryparsamide can produce jaundice as well as the trivalent arsenicals, 
and that death may occur late from hepatic cirrhosis. The discussion 
of this paper supported in general the conception that antisyphilitic 
treatment is a contributing but not a sole factor in the induction of 
hepatic injury. Soffer 146 ' 147 detected racial differences (whites three 
times as frequently jaundice as negroes), but no influence from the 
stage of the syphilitic infection or the stage of treatment. Gott and 
Doyle 50 confirmed the racial difference, and found that Mapharsen 
produces jaundice 10 % less frequently than neoarsphenamine. The 
possibility of minute amounts of arsenic in preparations credited with 
the production of jaundice has been investigated by Russell , 133 and 
Lowenburg and Naide 91 with negative results. 

Hemorrhagic Encephalitis. Variously named pericapillary enceph- 
alorrhagia (Globus and Ginsburg 84 ), brain purpura (Alpers 2 ), and 
arsphenamine encephalopathy (Levy 88 ), this occurs “normally” once 
in every 5398 treated cases, or 1 case in every 28,758 injections of an 
arsenical (Glaser, Imerman and Imerman 53 ). The occurrence of the 
reaction like a bolt from the blue, virtually without warning, and ac- 
companied by an exceedingly high mortality, make it one of the most 
disturbing complications of treatment for syphilis. Glaser and the 
Imermans point out that the reaction occurs in non-syphilitic persons, 
apparently without relation to age or sex, or to the dosage of the drug 
administered, to the number of injections given, or to the intrinsic 
toxicity of the preparation. The reaction occurs most commonly after 
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the second dose; may develop within 12 hours or after a latent period 
as long as several days. It was formerly almost invariably fatal. 
The prognosis has, however, steadily improved in recent years through 
the use of repeated lumbar puncture, sedation, adrenalin, and espe- 
cially dehydration, including intravenous hypertonic solution. A pro- 
drome of confusion with conduct abnormalities may permit the recog- 
nition of an incipient case before a second injection is given, and a 
fatality be thus avoided. The autopsy picture in the brain is that of 
dilatation and engorgement of meningeal and cerebral vessels with a 
picture suggesting “wet brain,” plus vascular necrosis and perivascular 
hemorrhage of the “ringed type.” (See ^.^.sa.ue.in.m, 132,173a , b 'j 
Hemolytopoietic Reaction to Arsenicals. Enough interest has been 
aroused by hematopoietic damage attributed to arsenicals in the treat- 
ment of syphilis to provide the basis for a separate review. (See 

9.15,17. 36 45.46, 66. 67, 71, 78, 79. 81. 89.90,92,101,135 .137,161 ,170, 185,166). Rurke’s views llUVC 

been alluded to. Every drug now in use in the treatment of syphiliis, 
including Mapharsen, has been shown to be capable of producing 
hemolytopoietic reaction, so that the substitution of one drug for 
another, as suggested by Falconer and Epstein and their group 42 ' 4445 
as well as Goldberg 55 is certainly not free from risk. Epstein and 
Falconer 42 in studying S patients who had had a thrombocytopenic 
purpura following neoarsphenamine or Bismarsen, were able to show 
that very minute amounts of the offending drug or a related member 
of the group, was capable of reviving the thrombocytopenic reaction, 
and that successive reactions led to increasing sensitiveness to the 
drug, so that repetition of treatment after evidence of thrombo- 
cytopenia had once developed, is definitely and indeed exceedingly 
dangerous. Vitamin C was employed in large doses and in the diet 
in an attempt to control the thrombocytopenic reaction, without effect. 
Subthreshold hemolytopoietic reaction tvas clearly recognized in 30 pa- 
tients who, although they tolerated antisyphilitic treatment without 
clinical reaction, sustained diminution of leukocytes and platelets in 
the peripheral blood following each treatment. Mapharsen appeared 
less likely to produce these changes than neoarsphenamine. The simul- 
taneous use of two drugs known to influence the hemolytopoietic system 
is a matter for concern in patients simultaneously treated for syphilis 
and gonorrhea with an arsenical and a sulfonamide. Caletti 13 observed 
no ill-effects from such synchronous use of drugs with known hemato- 
poietic effect, and concludes that intolerance is a matter of the individual 
drug, and not of synergistic use. 

New Methods of Reaction Prevention. Doak, 35 Appel 3 " and Jankcl- 
son 4 and also Shaw 442 have contributed important studies. Doak in 
particular reviewed the use of sugar, calcium salts, degradation products 
of protein including the aminoacids and other substances and com- 
pounds recommended for admixture with the arsphenainine solution, 
before administration. 39 " .».**.»»•»«■«“ The question of the efficacy of 
these substances remains open. The possible influence of vitamin C 
previously mentioned is supported and opposed by about equal numbers 
of observers. MacKee and Astrachan 6 - 55 who over a period of years have 
emploved liver extract as a detoxifying agent in intolerance to arsenicals. 
heavv metal and irradiation, have felt increasingly certain that liver 
extract is a valuable detoxifying aid. Sodium thiosulfate has been 
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the subject of a number of studies and publications by Ceder, Zon, and 
Klinger, 24 Ayres and Anderson, 8 Muir, Stenhouse and Becker, 109 Oppen- 
heim and Fantl, 113 and Mattice and Weisman. 100 Ceder and his asso- 
ciates 24 conclude that while there is still room for controversy, much of 
the disparity of opinion is due to artefacts and technical difficulty 
incident on arsenical analysis and on the selection of subjects. In a 
study of 10 patients under treatment with an arsphenamine and in 
whom urinary, fecal and total arsenic excretion was carefully studied, 
the 6 receiving sodium thiosulfate exhibited no significant differences 
from the 4 who did not receive sodium thiosulfate. It is concluded 
therefore that this drug, whose reputation has supposedly rested on its 
ability to facilitate the elimination of arsenic, if effectual at all, is 
certainly not so because of any influence on arsenic elimination. Clini- 
cal syphilologists have in general discarded sodium thiosulfate in the 
treatment of arsenical reactions. 

Herman Beerman, M.D. 
John H. Stokes, M.D. 

REFERENCES. 

(1.) Akiyama, K., Boku, T., Tokumitsu, Y., and Mizuhara, K.: Bull. Soc. japon, 
de Syph., 17, 18, 1938. (2.) Alpers, B. J.: Arch. Neurol, and Psychiat., 20, 497. 

1928. (3.) Appel, B.: (a) Arch. Derm, and Syph., 27, 401, 1933; (6) New England 

J. Med., 217, 992, 1937. (4.) Appel, B., and Jankelson, 1, R.: Arch. Derm, and 

Syph., 32, 422, 1935. (5.) Asteriades, M.: Derm. Wchnschr., 103, 1121, 1930. 
(6.) Astrachan, G., and Sharp, E. A. : J. Invest. Derm., 1, 427, 1938. (7.) Astrachan, 

G. D., and Wise, F.: Am. J. Syph., Gonor. and Ven. Dis., 22, 470, 1938. (8.) Ayres, 

S. , Jr., and Anderson, N. P.: J. Am. Med. Assn., 110, 886, 1938. (9.) Bachromejew, 

J. R., and Bawlowa, L. N.: Arch. f. Derm. u. Syph., 170, 543, 1934. (10.) Baehr- 

Chargin Group: Arch. Derm, and Syph., 42, 239, 1940. (11.) Becker, S. W., and 

Obermayer, M. E.: Am. J. Syph. and Neurol., 19, 505, 1935. (12.) Bechet, P. E.: 
New York State J. Med., 39, 829, 1939. (13.) Beerman, H. : (a) Arch. Derm, and 

Syph., 28, 296, 1933; (6) Am. J. Syph. and Neurol., 18, 190, 1934; (c) Am. J. Syph., 
Gonor. and Ven. Dis., 20, 165, 296, 1936; (d) Penna. Med. J., 39, 690, 1936. (14.) 

Bertelotti, L. : Minerva med., 30, 254, 1939. (15.) Bickford, J. V., and Tilghman, 

R. C.: J. Am. Med. Assn., 100, 1984, 1933. (16.) Brittingham, J. W., and Phinizy, 

T. : Ibid., 96, 2021, 1931. (17.) Bronfin, I. D., and Singerman, I.: Ibid., 98, 1725, 

1932. (18.) Burke, E. T.: Brit. J. Ven. Dis., 19, 125, 1941. (19.) Caletti, G.: 
Dermosifilografo, Milano, 15, 707, 1940. (20.) Campbell, A. D., and Soffer, L. J.: 

Am. J. Syph., Gonor. and Ven. Dis., 21, 420, 1937. (21.) Cafiizares, O., and Thomas, 

E. W.: Arch. Derm, and Syph., 39, 867, 1939. (22.) Cannon, A. B.: (a) J. Am. 

Med. Assn., 102, 268, 1934; (5) Am. J. Syph., Gonor. and Ven. Dis., 23, 621, 1939. 
(23.) Cannon, A. B., and Karelitz, M. B.: Arch. Derm, and Syph., 28, 642, 1933. 
(24.) Ceder, E. T., Zon, L., and Klinger, M. E.: Ven. Dis. Inf., 22, 123, 1941. (25.) 

Chapman, C., and Morrell, C. A.: Proc. Soc. Biol, and Exp. Med., 32, 716, 1935. 
(26.) Chargin, L., and Leifer, W. : J. Invest. Derm., 3, 443, 1940. (27.) Cohen, 

M. B.: J. Allergy, 10, 15, 1938. (28.) Cole, H. N.: J. Am. Med. Assn., 109, 580, 

1937. (29.) Cole, H. N., and Palmer, R. B.: Arch. Derm, and Syph., 36, 561, 1937. 

(30.) Cole, H. N., DeWolf, H., McCuskey, J. M., Miskjian, H. G., Williamson, 
G. S., Raushkolb, J. R., Ruch, R. O., and Clark, T.: J. Am. Med. Assn., 97, 897, 
1931. (31.) Cole, H. N., Moore, J. E., O’Leary, P. A., Stokes, J. H., Wile, IT. J., 
Clark, T., Parran, T., Jr., and Usilton, L. J.: (a) Ven. Dis. Inf., 14, 1, 1933; (6) Ibid., 
17, 39, 1936. (32.) Connor, W. H., Shaw, H. C., Levin, E. A., and Palmer, R. B.: 
Am. J. Syph. and Neurol., 19, 514, 1935. (33.) Cook, S. S., and Campbell, H. D.: 

U. S. Naval Med. Bull., 34, 97, 1936. (34.) Cormia, F. E.: (a) Arch. Derm, and 

Syph., 34, 107, 1936; (5) Canad. Med. Assn. J., 34, 272, 1930; (c) Ibid., 35, 610, 1936; 
(d) Ibid., 36, 392, 1937; (e) Arch. Derm, and Syph., 36, 970, 1937; (/) J. Invest. 
Derm., 1, 199, 1938; (p) Canad. Med. Assn. J., 40, 445, 1939; ( h ) J. Invest. Derm.. 
4, SI, 1941; (t) Am. J. Syph., Gonor. and Ven. Dis., 25, 1S9, 1941; (j) Arch. Derm, 
and Syph., 43, 103, 1941. (35.) Craven, E. B., Jr.: Bull. Johns Hopkins Hosp., 

48, 131, 1931.- (36.) Crawford, J. P.: J. Lab. and Clin. Med., 22, 157, 1936. (37.) 



622 


PROGRESS OF .MEDICAL SCIENCE 


Dainow, I.: (a) Piesse med . , 45, 1670, 1937; (!>) Ann. de derm, et syph., 10, 139, 1939. 
(38.) Doak, G. O.: Am. J. Syph., Gonor. and Ven. Dis., 25, 2S6, 1941. (39.) Durel, 

P. : (a) Buil. Soc. franc, de derm, et syph., 43, ISIS, 1936; (6) Ibid., 44, 1077, 1937. 
(40.) Eckler, C. R., and Shonle, H. A.: Am. J. Syph. and Neurol., 19, 495, 1933. 
(41.) Epstein, E.: (a) J. Am. Med. Assn., 109, 117, 1937; (6) Arch. Derm, and Syph., 
36, 964, 1937; (c) Ibid., 37, 9S7, 193S; (d) Am. J. Syph., Gonor. and Ven. Dis., 25, 
225, 1941. (42.) Epstein, N. N., and Falconer, E. H.: Arch. Derm, and Syph., 42, 
909, 1940. (43.) Epstein, N. N., and Levin, E. A.: Am. J. Syph., Gonor. and Veil. 
Dis., 23, 490, 1939. (44.) Falconer, E. H., and Epstein, N. E.: Arch. Int. Med., 
65, 1I5S, 1940. (45.) Falconer, E. H., Epstein, N. N., and Mills, E. S.: Ibid., 66, 
319, 1940. (46.) Falconer, E. H., Epstein, N. N„ and Wever, G. K..--Ibid., 58, 495, 

1936. (47.) Fanner, C. J., Abt, A. F., and Aron, H. C. S.: Proc. Soc. Exp. Biol, 
and Med., 44, 495, 1940. (48.) Foerster, O. H., McIntosh, R. L., Wieder, L. M„ 
Foerster, H. R., and Cooper, G. A.; Arch. Derm, and Syph., 32, 80S, 1935. (49.) 
Franks, A. G., and Fisher, S.: Ibid., 42, SOS, 1940. (50.) Friend, D. G., and Mar- 
quis, H. H.: Am. J. Syph., Gonor. and Ven. Dis., 22, 339, 193S. 

(51.) Genner, V. : By-effects in Salvarsan Therapy and Their Prevention, Copen- 
hagen, Levin & Munksgaard, 1936. (52.) Givan, T. B., and Villa, G.: Am. J. 

Syph., Gonor. and Ven. Dis., 23, 771, 1939. (53.) Glaser, M. A., Imerman, C. P., 
and Imerman, S. W.: Am. J. Med. Set., 189 , 64, 1935. (54.) Globus, J. H., and 
Ginsburg, S. W. : Arch. Neurol, and Psychiat., 30, 1226, 1933. (55.) Goldberg, M.: 
Am. J. Syph., Gonor. and Ven. Dis., 23, 79, 1939. (56.) Goldman, L., and Clarke, 
G.E., Ibid., 22, 224, 1939. (57.) Goldman, L., and Weiner, A. L.: Brit. J. Ven. Dis., 14, 
269, 1938. (58.) Golz, H. H.: Am. J. Syph., Gonor. and Ven. Dis., 23, 344, 1939. 
(59.) Gott, J. R„ Jr., and Doyle, W. H.: New Intcrnat. Clin., 4, 153, 1939. (60.) 
Grand, J. L. : (a) New England J. Med., 211, 443, 1934; (5) Arch. Derm, and Syph., 

41. 1076, 1940. (61.) Guy, W. H., Goldmann, B. A., Gannon, G. P., and Slone, J.: 

Ibid., 42, 1040, 1940. (62.) Hanger, F. M., Jr., and Gutman, A. B.: J. Am. Med. 
Assn., 115, 2G3, 1940. (63.) Harkavy, J., and Hebald, S.: Arch. Int. Med., 49, G0S, 
1932. (64.) Harrison, L. W.: (a) Brit. J. Ven. Dis.. 15, 203, 1939; (6) cited by 

Cole cl al. (65.) Hirshfeld, S., Hyman, H. T., and Wanger, J. J.: Arch. Int. Med., 
47, 259, 1931. (66.) Horene, G., and Scarborough, H.: Lancet, 2. CC, 1910. (67.) 
Hudson, E. H.: Ibid., 2. 74. 1935. (68.) Hyman, H. T.: Bull. New York Acad. 
Med.. 17, 135, 1941. (69.) Hyman, H. T., and Hirshfeld, S.: (a) J. Am. Med. Assn.. 
96, 1221, 1931; (5) Ibid., 100, 305, 1933. (70.) Hyman, H. T., and Touroff, A. S. W.: 
Ibid., 104, 440, 1935. (71.) Imrie, A. H.: Lancet, 2. 73, 1935. (72.) Ingraham, 
N. R., Jr.: J. Am. Med. Assn., 112, 1537, 1939. (73.) Ireland, F. A.: Am. J. Syph., 
16,22,1932. (74.) Irgang, S.: Arch. Derm, and Syph., 36, CS5, 1937. (75.) Iwash- 

ita, K.: Jap. J. Derm, and Urol., 41, 1S7, 1937. (76.) Jessner, M.: Med. Klin., 

19. S57, 1923; Zcntralbl. f. Hnut. u. Goschlcchtskr., 9. 9, 1923; 11, 401. 1924; IS. 
756, 1925; 24, 5S3, 1927; 30. 174. 1929. (77.) Jordon, J. W., and Traenkle, H. L.: 
Arch. Derm, and Syph., 36, 115S, 1937. (78.) Joyce, A. deB.: J. Royal Nav. Med. 
Service, 21, 101, 1935. (79.) Kadin, M.: Arch. Derm, and Syph.. 37. 7S7, 193S. 
(80.) Keim, H. L.: Ibid., 31, 291, 1935. (81.) Kirkham, D., and Perlmutter, M.: 

Ibid., 43, 111, 1941. (82.) Kolmer, J. A., and Rule, A. M.: Ibid., 41, S3S, 1910. 

(83.) Kuehn, C., Keating, R. A., and von Haam, F.: Am. J. Obst. and Gynce., 36. 
122, 1937. (84.) Kulchar, G. V., and Barnett, C. W.: Am. J. Syph.. Gonor. and 

Ven. Dis., 20, 4S2, 1930. (85.) Lamb, C. A., and Blakely, E.: New England J. 

Med.. 217, 353, 1937. (86.) Landfisch, S.: Polska Gazcta Lekar«ka, 16, 575, 1937. 

(87.) Lane, C. G.: Arch. Derm, and Syph., 39, 278, 1939. (88.) Levy, N. A.: Ibid., 

42. S14. 1940. (89.) Lieberson, A., and Weiss, A.: Ann. Int. Med., 10, 1775, 1937. 

(90.) Loveman, A.: Ibid., 5, 123S, 1932. (91.) Lowenbnrg, H., and Naido, M.: 

J. Am. Med. Assn., 100, 737, 1933. (92.) McCarthy, F. P., and Wilson, R., Jr.: 

Ibid., 99, 1557, 1932. (93.) McCord, J. R.: Ibid.. 105. SO, 1935. (94.) McDonald, 

F. M., and Johnson, H. H.: Arch. Derm, and Syph., 43, 6S2, 1911. (95.) MacKee, 

G. M., and Astrachan, G. D.: J. Inve-t. Derm.. 3. 409. 1910. (96.) MacLachlan, 

P. L.: Proe. So e. Exp. Biol, and Med., 44, 129, 1910, (97.) Maderna, C-: Riforma 
med.. 6, 0-10, 1934. (98.) Magnuson, H. J., and Raulston, B. O.: Ven. Dis. Inf.. 
22. 157, 1911. (99.) Marshall, J. W.: Am. J. Syph., Gonor. and Ven. 1)U., 21, 615. 

1937. 

(100.) Mattice, M. R., and Weisman, D.: Am. J. Mf.d. Set.. 193. 420, 1937; Hud.. 
193, 413, 1937. (101.) Mays, A. T.: New York State J. Mol.. 38 1231. 19 IS. 

(102.) Messiager, W. J., and Hawkins, W. B.: Am. J. Med. Set., 159, 216, I 'M0. 
(103.) Milian, G.: fa) Rev. frnnr. de derm, et de vftu'r.. 6, 355. 1910; (5) l-o Hi'*- 
tropDmo, DeHlx-rationt-s Corigrc-'U* d>-mn:«lognrtim internal lo.nalu IX. Ilu<Hpe»t, 



DERMATOLOGY AND SYPHILOLOGY 


623 


2, 7, 1935. (10 4.) Montesano, V., Jr.: Gior. ital. di derm. e. sif., 79, 1030, 1938. 
(105.) Moore, J. E. and Ingraham, N. R., Jr.: Am. J. Syph., Gonor. and Ven. 
Dis., 23, 518, 1939. (106.) Moore, J. E., and Keidel, A.: Arch. Int. Med., 27, 716, 

1921. (107.) Moore, J. E., Woo, S. T., and Robinson, H. M. : Arch. Derm, and 
Syph., 23, 74, 1931. (108.) Muir, K. B.: Ibid., 35, 226, 1937. (109.) Muir, K. B., 
Stenhouse, E., and Becker, S. W.: Ibid., 41, 308, 1940. (110.) Netter, A., and 
Urbain, A.: Ann. dc 1’Inst. Past.., 46, 17, 1931. (111.) Niles, H. D.: Am. J. Syph., 
18, 300, 1934. (112.) Nomland, R., Skolnik, E. A., and McLellan, L. L.: J. Am. 
Med. Assn., Ill, 19, 1938, (113.) Oppenheim, M., and Fantl, P.: Arch. f. Derm, 
u. Syph., 175, 43S, 1937. (114.) Osborne, E. D. : (a) Arch. Derm, and Syph., 12, 773, 
1925; (6) Ibid., 18, 37, 1928. (115.) Osborne, E. D., Putnam, E. D., and Hitchcock, 
B. S.: Ibid., 25, 419, 1932. (116.) Osterberg, A. E., and Kernohan, J. W.: Am. J 
Clin. Path., 4, 362, 1934. (117.) Paley, S. S., and Pleshette, N. : Am. J. Syph., Gonor. 
and Ven. Dis., 23, 69, 1939. (118.) Parsons, R. P. : U. S. Naval Med. Bull., 35, 207, 
1937. (119.) Peckham, C. H.: Am. J. Syph., Gonor. and Ven. Dis., 25, 280, 1941. 
(120.) Photinos, P. B.: Ann. d. mal. v6n., 25, .829, 1930. (121.) Pillsbury, D. M., and 
Hill, W. R. : Argyria, Baltimore, Williams & Wilkins Company, 1939. (122.) Rajam, 

R. V.: Indian Med. Gaz., 70, 661, 1935. (123.) Rajam, R. V., and Rao, N. V.: 

Ibid., 74, 24, 1939. (124.) Rattner, H., and Reifler, R. M.: Am. J. Syph,, Gonor. 
and Ven. Dis., 25, 56, 1941. (125.) Rebaudi, U. : Ann. d. mal. ven., 29, 481, 1934. 
(126.) Rein, C. R., and Wise, F.: J. Am. Med. Assn., 113, 1946, 1939. (127.) 
Riou, M. : Bull. Soc. franc, do dermat. et syph., 45, 76, 1938. (128.) Robinson, 
H. M.: South. Med. J„ 29, 411, 1936. (129.) Robinson, H. M., and Moore, J. E.: 
Am. J. Syph. and Neurol., 19, 525, 1935. (130.) Roseman, E,, and Aring, C. D.: 

New England J. Med., 224, 550, 1941, (131.) Ruge, H. : Derm. Wchnschr,, 94, 

278, 1932. (132.) Russel, D. S.: J. Path, and Bact., 45, 357, 1937. (133.) Russell, 
E. R.: Arch. Derm, and Syph., 28, 841, 1933. (134.) Sager, R. V.: Arch. Int. Med., 
57, 666, 1936. (135.) Sakurai, R.: Jap. J. Derm, and Urol., 42, 1, 1937. (136.) 

Sampson, W. L., and Latven, A. R.: J. Am. Pharm. Assn., 25, 1106, 1936. (137.) 
Scarf, M. : J. Am. Med. Assn., 102, 2159, 1934. (138.) Schifrin, A. V.: Arch. f. 
path. Anat. u. f. klin. Med., 287, 175, 1932. (139.) Schoch, A. G.: (a) Arch. Derm, 
and Syph., 30, 672, 1934; (6) Am. J. Syph., 14, 75, 1930. (140.) Schoch, A. G., 
Alexander, L. J., and Long, W. E.: Arch. Derm, and Syph., 42, 919, 1940. (141.) 
Scolari, R.: Gior. ital. di derm, e sif., 79, 133, 1938. (142.) Shaw, C.: J. Lab. and 
Clin. Med., 24, 624, 1939. (143.) Simon S. D. and Iglauer, A.: Am. J. Syph., 
Gonor. and Ven. Dis., 23, 612, 1939. (144.) Smith, D. C.; Syphilis, Publ. Am. Assn. 
Adv. Sci. Lancaster, Pa., p. 180, 1938. (145.) Snapper, I., Chin, K. V., and Lu., 

S. H.: Chinese Med. J., 56, 501, 1939. (146.) Soffer, L. J,: Am. J. Syph., Gonor. 

and Ven. Dis., 21, 309, 1937. (147.) Soffer, L. J., Dantes, D. A., and Sobotka, H.: 
Arch. Int. Med., 60, 509, 1937. (148.) Sprafke, H. : Derm. Ztschr., 75, 333, 1937. 

(149.) Stephenson, C. S.: U. S. Naval Med. Bull., 37, 687, 1939. (150.) Stephen- 
son, C. S., and Chambers, W. M.: Ibid., 38, 126, 1940. (151.) Stephenson, C. S., 
and Wingo, E. H. : Ibid., 36, 605, 1938. (152.) Stephenson, C. S., Chambers, W. M., 
and Anderson, L. T.: (a) Ibid., 38, 587, 1940; (6) Ibid., 39, 139, 1941. (153.) Stokes, 
J. H.: Modern Clinical Syphilology, Philadelphia, W. B. Saunders Company, 2d 
ed., 1934. (154.) Stokes, J. H., and Beerman, H.: (a) Arch. Derm, and Syph., 35, 
78, 1937; (6) Psychosom. Med., 2, 438, 1940. (165.) Stokes, J. H., and Callaway, 
J. L. : Arch. Derm, and Syph., 36, 976, 1937. (156.) Stokes, J. H., and Cathcart, 

E. P.: Ibid., 7, 14, 1923. (157.) Stokes, J. H., and Kulchar, G. V.: Brit. J. Derm, 
and Syph., 46, 134, 1934. (158.) Stokes, J. H., Beerman, H., and Ingraham, N. R., 

Jr.: Am. J. Med. Scr., 198, 577, 1939; 200, 560, 1940. (159.) Stokes, J. H., Miller, 

T. H., and Beerman, H. : Arch. Derm, and Syph., 23, 624, 1931. (160.) Stokes, 

J. H., Ruedemann, R,, and Lemon, W. S.: Arch. Int. Med., 26, 521, 1920. (161.) 
Stratton, E. K.: Am. J. Syph., 17, 510, 1933. (162.) Streitmann, B., and Wiedmann, 
A.: Arch. f. Derm. u. Syph., 175, 696, 1937. (163.) Sulzberger, M. B.: Dermato- 
logical Allergy, Springfield, 111., Charles C Thomas, 1940. (164.) Sulzberger, M. B., 

and Mayer, R. L. : Arch. Derm, and Syph., 24, 537, 1931. (165.) Sulzberger, M. B. , 

and Oser, B. L.: Proc. Soc. Exp. Biol, and Med., 32, 716, 1934. (166.) Sulzberger, 
M. B., and Simon, F. A.: J. Allergy, 6, 39, 1934. (167.) Swartz, J. H., Tolman, 
M. M., and Levine, H. : Arch. Derm, and Syph., 33, S74, 1936. (168.) Tanneholz, 
H., and Muir, K. B.: Arch. Path., 15, 7S9, 1933. (169.) Thomas, E. W., and Wex- 

ler, G.: Am. J. Pub. Health, 31, 545, 1941. (170.) Thomsen, S.: Lancet, 2, 135S, 
193S. (171.) Thurmon, F. M., and Tolman, M. M.: New England J. Med., 209, 
540, 1933. (172.) Todd, A. T.: Lancet, 1, 632, 1921. (173.) Tzanck, A., and Lewi, 

S.: (a) Ann. do derm, et syph., 10, 752, 1939; (6) Ibid., p. S93. (174.) Vail, A. D.: 



624 


PROGRESS OF MEDICAL SCIENCE 


J. Missouri Med. Assn., 38, 110, 1911. (175.) Vaughan, W.: Arch. Int. Med., 40, 
3S6, 1927. (176.) Vauthey, M.: Ann. mal. v6n., 32, 9S, 1937. (177.) Versari, A.: 
Riforma med., 53, 1443, 1937. (178.) Walzer, M.: J. Allergy, 10, 72, 193S. (179.) 
Waugh, J, R., and Milovich, E.: Ven. Dis. Inf., 21, 3S9, 1940. (180.) Weidmann, 
A.: Arch. f. Derm. u. Syph., 173, 73, 1935. (181.) Weiss, S.: J. Am. Med. Assn., 
84, 577, 1935. (182.) Wieder, L. M., Foerster, O. H., and Foerster, H.: Arch. 

Derm, and Syph., 35, 402, 1937. (183.) Wien, P». : Quart. J. and Year Book Bharm.. 
9, 48, 193G. (184.) Wile, IT. J., and Sams, W. M.: Am. J. Med. Sci., 187, 297, 1934. 
(185.) Wiseman, B. K., Doan, C. A., and Wilson, S. J.: J. Am. Med. Assn., 115, S, 
1940. (186.) Zunz, E., and Vesselorsky, O.: Compt. rend. Soc. de bio!., 117, 476, 

1934. 


Correction. In Dr. Sodeman’s leview of "Chronic Constrictive Pericarditis" in 
the July number of this journal (page 133), in the sentence reading "Dyspnea may 
occur on exertion, but in the absence of pteural fluid, orthopnea is present," the 
word “present" should be changed to "absent," so that the sentence will read that 
"orthopnea is absent.” 

Notice to Contributors. Manuscripts intended for publication in the American 
Journal or the Medical Sciences, and correspondence, should be sent to the 
Editor, Dr. Edward B. Kbumbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the American Journal of the Medical 
Sciences exclusively. 

All manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which tho work is produced Bhould bo indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author’s name 
written on the margin. The recommendations of the American Medical Association 
Stylo Book should be followed. It is important that references should be numbered 
and at the end of the articles, arranged alphabetically according to the name of the 
first author and should be complete, that i3, author’s name, journal, volume, page 
and year (in Arabic numbers). 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

T wo hundred and fifty reprints are furnished gratis — with covers if over 4 pages; 
additional reprints may bo had in multiples of 250 at the expense of the author. 
They should be asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the Journal, will bo 
translated at its expense. 



THE 


AMERICAN JOURNAL 

OF THE MEDICAL SCIENCES 

NOVEMBER, 1041 


ORIGINAL ARTICLES. 

SOME MEDICAL, SOCIAL AND ECONOMIC PROBLEMS OF THE 
PHYSICALLY HANDICAPPED.* 

By Alfred Rives Shands, Jr., M.D., 

MEDICAL DIRECTOR OF THE ALFRED I. DU PONT INSTITUTE OF THE 
NEMOURS FOUNDATION, WILMINGTON, DEL. 

The medical, social and economic problems of the physically 
handicapped are linked together so closely that in a short discussion 
it is difficult to separate these into three distinct subjects. Your 
speaker, being an orthopedic surgeon, now limiting his clinical work 
entirely to children, cannot help but focus attention to this younger 
group. Approximately 80% of the crippled children present physical 
handicaps carried through into adult life, so that almost any discus- 
sion of the child will also be applicable to the adult. 

In referring to the child as a problem of the physically handi- 
capped, it is apropos to quote from the “Crippled Child’s Bill of 
Rights” as adopted several years ago by one of the national societies 
for crippled children: “Every crippled child has the right to the 
best body which modern science can help it secure; the best mind 
which modern education can give; the best position in life which his 
physical condition perfected as best it may be will permit; . . .” 

First the best body! What are some of the more common condi- 
tions causing a crippled body, and what are some of the things to be 
done to make this a better body? Infantile .paralysis, as a cause for 
crippling in childhood, has for years held first place. More and 
more investigative work, however, is being done— especially that 
sponsored by the National Foundation for Infantile Paralysis— 
and it may be that the means of prevention is now close at hand. 
The methods for the care of the paralyzed muscles are being con- 
stantly improved, most of the deformities can be corrected, the 
unstable joints can be made stable, and often braces can be applied 

* Presented on January 22, 1941, at the Annual Meeting of the Department of 
Social Service, Hospital of the University of Pennsylvania. 
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to allow weakened and paralyzed parts to be used which would not 
function otherwise. Congenital club feet and congenital dislocation 
of hips constitute two other major causes for crippling in childhood. 
If these two conditions are treated early, often the recovery will be 
such that it is difficult to tell there has been a physical handicap. 
If they are treated later in life, nearly always an improvement can 
be expected. The infections of bones and joints caused by the 
tubercle bacillus or the streptococcus or staphylococcus are responsi- 
ble for a large number of the physically handicapped. With the 
miracles of chemotherapy, resulting from the use of sulfanilamide 
and its derivatives, and with the use of antitoxins, the severe infec- 
tions from the streptococcus and staphylococcus are being less 
feared and becoming less numerous. The incidence of tuberculosis 
of bones and joints is less, due to the campaigns to control the milk 
supply and the contact of those known to have pulmonary tubercu- 
losis with healthy ones. About 50 years ago, one-half of all the 
crippled children were crippled because of tuberculosis; now the 
incidence is 5% or less. The developmental deformities of legs, 
such as bowlegs and knock knees, due to rickets and other nutri- 
tional disturbances, now are fewer and fewer, due to the improve- 
ment in infant care and the appreciation of certain vitamin-contain- 
ing foods. The two crippling conditions with which little progress 
has been made in either the prevention or the treatment of, are 
spastic paralysis and progressive muscular dystrophy. Research is 
certainly needed to find out more about their causes. These are only 
a few of the more common conditions causing crippling in childhood. 

Second, the best mind ! How can this be obtained and what prob- 
lems are presented? In nearly all large cities, there is now special 
provision made for special classes for the teaching of the crippled 
child. However, this does not in any way adequately meet the situa- 
tion. There are about 100,000 crippled children in need of special 
education, and this is provided for only 25% of this number. The 
two principal reasons for this unfortunate situation is: 1 , that the cost 
is from 3 to 5 times as great to educate a crippled child as a normal 
one; and, 2, that a large part of these crippled ones live in the rural 
areas where both the transportation to special classes in the schools, 
if there were such, and the cost of same would be difficult to arrange. 
Hence, the education of the crippled one in the rural areas has be- 
come one of the greatest of the needs in the care of crippled children. 
In planning the education of the crippled child, whether academic 
or vocational, the mental abilities of the child must be carefully 
studied, evaluated, and then developed. Perhaps there is a greater 
need for the so-called progressive education for the crippled child 
than for the normal one. Certainly his aptitudes for specific types of 
studv and work should be given special attention, and emphn-h 
placed upon these in his education. If he likes to write, and has 
imagination, let him think in terms of being an author and writer. 
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His physical disability should not in any way handicap him for this 
vocation. 

And third, the best position in life! How is this to be obtained? 
This is dependent upon the handicapped one’s social and economic 
adjustment. After all, a successful adjustment should be the ulti- 
mate goal for all programs of the physically handicapped. It is 
important for the handicapped one to have a good morale. This 
may vary with his power and ability to earn a living; hence he should 
be given every opportunity possible for physical and vocational 
rehabilitation. If he is successful in his economic adjustment, there 
usually follows a good social adjustment. He then will meet society 
on an equal level, and social relationships with normal ones will be 
normal without allowances being made for his handicaps. He will 
be competent in his employment, self-confident, independent, suc- 
cessful, and happy. If there is an unsatisfactory social and economic 
adjustment, he will become increasingly dependent upon society, 
and will undoubtedly become more lonely, isolated and unhappy. 
Everything possible should be done to avoid this condition. 

In discussing the problem of the crippled one, a word should be said 
about sympathy. This should never be given ! It is demoralizing to the 
person, and so often leads to unnecessary dependency. Self-reliance on 
the part of the crippled child or adult is to be desired, of course, and 
this cannot be obtained if friends and parents are constantly empha- 
sizing the disabilities, saying how sorry they are for him, and offering 
a helping hand when he can take care of himself. Crippled ones 
should associate with the normal insofar as it is possible, and their 
handicaps completely overlooked. They should definitely not be 
segregated in their social and community life, although it may be 
necessary to have special classes for their education. They have 
crippled bodies, but not crippled minds. If too much sympathy and 
assistance is given, their minds will become crippled, they will be 
self-centered, self-pitying and definitely introspective. This attitude 
of mind, if allowed to develop, will be much more difficult to 
correct than the physical deformities and disabilities. Their social 
adjustment cannot be satisfactorily made; they are unhappy, and 
those responsible for them become unhappy. 

A word particularly about the crippled adult. Before a physically 
handicapped adult is started on his path to independence and self- 
sufficiency, there must always be an accurate appreciation and evalu- 
ation of his medical, social, and economic status. A study should be 
made also of his special aptitudes, his intelligence, his temperament, 
and his interests. Perhaps this can best be understood by giving an 
example of a typical vocational rehabilitation problem. A carpenter 
falls from a high scaffold and suffers a broken back and two broken 
heels. He is in the hospital for months, but finally comes out on 
crutches, and with a back brace. He has always been a carpenter, 
knows no other occupation, but it is very evident he will never be 
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able to go back to carpentry. First, his physical condition shows 
weakness and deformity in his back and painful heels. He has been 
interested in mechanical things, and working with his hands all his 
life. He is of good intelligence, has an optimistic temperament, has 
always been conscientious and industrious, and does not want to 
remain idle in mind or body. Given a vocational training in some- 
thing he can do while sitting, he will be able to earn his own living 
again. Watchmaking appeals to him ; he learns fast and is trained 
in 6 months’ time. There is a demand for good watchmakers. 
Twelve months later he is not only earning his own living, but is 
able again to be the sole support of his family. He is definitely 
back into the economic life of the community in a very remunerative 
and self-supporting job, and quite competent to make his own way. 
Through vocational rehabilitation, his economic problems have been 
solved, and a normal social readjustment will follow. 

Several years ago, your speaker was deeply impressed with what 
the director of a large crippled children’s vocational school in Den- 
mark told him ; namely, that the problem of the crippled one, whether 
adult or child, had three equally important parts: 1, Medical care; 
2, Education and Training; and 3, Placement in work. He believed 
and emphasized the point that medical care should never be under- 
taken unless it was possible to carry on with the other two. Since 
hearing this statement, I have constantly and repeatedly thought 
that this should also be our perspective of the ultimate solution of 
our problem. Any comprehensive program for the care of the 
physically handicapped should include these three parts. If our 
national program included such, it could be said our program is 
adequate; but unfortunately it can be called adequate in only cer- 
tain parts of our country. It is the ideal, but it is certainly not 
beyond our realization. 

In conclusion, some remarks made by Dr. Robert 13. Osgood of 
Boston relative to the crippled child, also applicable to the crippled 
adult, sums up most clearly what we are trying to accomplish for 
the physically handicapped one, and tells the story in the fewest 
words to those of you unfamiliar with our work with cripples; 
namely, "What we want to do is to get the crippled child back into 
the community, so trained that he can compete not as a handi- 
capped person, but if you please, as a person who will have no fear 
and ask no favor; a person who will be able to earn his way both 
intellectually and materially with just as little allowance made for 
his particular handicap as possible. That is the star to which we 
shall hitch our wagon." This is indeed a bright star, but not one so 
high that it cannot be reached. It is not far above the heads of 
those handicapped ones who are presented with the facilities for 
medical care, education, training and placement in work. Our part 
as doctors and workers in the field is to create, and help to stimulate 
the creation of. these facilities. Through the state and private 
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agencies, and the helpful attitude of the general public and legis- 
lative bodies, the physically handicapped ones are now gradually 
everywhere being given a larger helping hand in their struggle to 
compete with the world for a normal social and economic life. Every 
state and community does not yet have a complete program of 
medical care, academic and vocational education, and placement in 
work for the physically handicapped, but many do, and the facilities 
each year are being improved in the others so that ultimately our 
national program undoubtedly will be called adequate, or as it has 
been so aptly expressed, “We may reach our level of aspiration,” 
and then our ideal will be realized. 


WERNER’S SYNDROME: REPORT OF THE FIRST NECROPSY 
AND OF FINDINGS IN A NEW CASE.* 

By B. S. Oppenheimer, M.D., 

CONSULTING PHYSICIAN, 

AND 

Victor H. Kugel, M.D., 

ADJUNCT PHYSICIAN, MONTEFIORE HOSPITAL, 

NEW YORK CITY. 

In 1934 we reported the first 2 American instances 60 of a con- 
dition which we re-named Werner’s Syndrome. 8 Since then we 
have had a necropsy of one of the patients and the opportunity of 
observing an additional case. This is a heredofamilial disorder 611 
characterized by canities (i. e., premature graying of the hair), 
premature baldness, sclero-poikiloderma, precocious cataracts, 
endocrine stigmatization and a characteristic physical habitus. 
The individuals are frequently short in stature, graeile in build, 
with some features of juvenilism which suggest retarded or arrested 
development, and others, such as the canities and vascular changes, 
which indicate a premature senescence. Hypogonadism occurs in 
both males and females. Two of our patients presented blue 
sclerae. Osteoporosis was present in the 3 cases. Metastatic calci- 
fication including calcification of the vessels was prominent. In 
the previous publication we could offer no satisfactory explanation 
of the etiology or of the pathogenesis of the bizarre syndrome. 
There seemed to be a pluriglandular disturbance; the preponderant 
involvement of ectodermal structure and the disturbance of calcium 
metabolism pointed chiefly to the participation of the parathyroid 
gland. Subsequent observations, both clinical and laboratory, have 
tended to confirm the original suspicion that it was the parathyroid 
among the ductless glands that was especially implicated. 

The following case histories present the clinical and laboratory 

* Read at the Fifty-sixth Annual Meeting of The Association of American Physi- 
cians, at Atlantic City, N. J., May 7, 1941. 
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data on these 3 patients suffering from this syndrome; in the first 
2 only the histories subsequent to the previous reports will be 
given including the report of the first necropsy on any case of 
Werner’s syndrome. In addition, the history of a third patient still 
under observation is reported in full. 



C\rK 1 (l'itx. 1). — 1). G. Suh'cquutt lli'-lanj. 
cation'* he h:v been continuously ho-pitalued. 


Since the previoii- pnbH* 
The mit-tawling feature 
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has been a progression of the scleroderma with uleeiations, infections and 
localized, gangrene of the lower extremities (Fig. 2) to such an extent that 
amputation of the right leg below the knee joint had to be performed 
on May 10, 1938, and of the left leg on June 13, 1939. He has had repeated 
attacks of ulceration over the left olecranon process. Since February, 
1937, he has suffered from recurrent attacks of keratitis which have resisted 
treatment. At the time of writing, the whole right cornea presents a 
steamed, opaque appearance. He has also suffered from recurrent attacks 
of trigeminal neuralgia. Since 1940 he has been presenting cardiovascular 
symptoms, i. e., occasional precordial pain relieved by nitroglycerin, blow- 
ing systolic murmurs over the precordium, pulsus alternans, elevation of 
the blood pressure to 168/90, and electrocardiographic changes. Fundus 
examination showed narrowing and tortuosity of the vessels. 



Eig. 2.— Case 1. Scleiodeima and ulceis in Wcinei's syndrome. 


Laboratory Data. The Hamilton test did not show any increased para- 
thormone. The urine and blood counts have not changed materially since 
the previous report. Repeated glucose tolerance tests showed a flat curve. 
Blood calcium has ranged from 9.5 to 11.0 mg. per 100 cc., and phosphorus 
from 2.5 to 4.2 mg. per 100 cc. Phosphatase was 7 Bodansky units. The 
blood C0 2 combining power was 62.5 vol. %. The serum albumin was 
4.4% and the serum globulin 2.6%. 

Roentgen ray of the right wrist on September 19, 1938, shoved extensive 
destruction of the lower articular surfaces of the radius and ulna. Several 
carpal bones in this region showed an irregularity in contour with evidence 
of a mottled decalcification. The vessels and the soft tissues showed very 
extensive calcific deposits. Teleoroentgenogram shoved some cardiac 
enlargement, and calcific deposits in the arch of the aorta. The electro- 
cardiogram showed flat T waves in Leads 1 and 2, and inversion of the 
T waves in Lead 3 (no digitalis). 
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Case 2 (Fig. 3), A. G. Subsequent history including necropsy report: 
Since the previous note on this patient in 1934, he has had three admissions 
to Montefiore Hospital. The first was for recurrent ulcers and gangrenous 
cellulitis of the left foot (Fig. 4); at this admission the liver was found 



I'm. a — C:v-(' 2. tVernf'r'“ syndrome. 


enlarged to four finger-' breadth below the free co-tal margin. The wcond 
adtni-ion wa- for ulceration- and cclluliti- of the right foot, and an ampu- 
tation of the big toe and head of the fir-t metatar-al Ixme had to be {x«r- 
fonned. The third and final ndmi-ion on March 11, 1939, wa- for recurrent 
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ulcers of the right foot and progressive weakness. The latter was found 
to be due to an apparently primary tumor of the liver with ascites, secondary 
anemia and splenomegaly. In addition to the previous findings, peripheral 



Fig. 4. — Case 2. Scleroderma and ulcers in Werner’s syndrome. 



Fig. 5.— Case 2. Larynx. 


pulsations could not be felt in the arteries distal to the axillary and femoral 
arteries, an enlargement of the heart appeared, limitation of the range of 
motion of the left elbow and both wrists were noted. The telangiectases over 
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both knees were more prominent, and appeared on the scrotum. The 
voice was high-pitched. Laryngoscopy performed by Dr. Rudolph Kramer 
presented a bizarre picture with dilated vessels on the vocal cords in the 
midst of a congested mucosa (Fig. 5). 

Laboratory Data. The Hamilton test was positive for excess of circulatory 
parathormone (Baumann and Sprinson). The blood calcium was 11.9 mg. 
per 100 cc., 13.0, 11.1, 10.7, 12.7, 12.0 and 13.1. The blood phosphorus 
was 2.5 mg. per 100 cc., 3.7, 3.9, 3.0, 3.S, 2.7. The blood phosphatase was 
4 and 8 Bodansky units. The blood urea was 14.8 mg. per 100 cc., 17.8, 
12.3 with a pre-agonal rise to 22.7. The total blood protein was 6.9 mg. per 
100 cc. (serum albumin, 3.0; globulin 3.9); uric acid, 3.5 mg. per 100 cc.; 
cholesterol, 244 mg. per cc. Blood count showed secondary anemia. 
Basal metabolic rate was —6% and —8%. The electrocardiogram showed 
left axis deviation and an abnormal A-Y conduction time to 0.24 second. 

Roentgen Rag Examination. Skull: sella turcica smaller than normal, 
but no destruction, slight hyperostosis of the frontal region. Abnormal cal- 
cification was found in the following locations: the large and small vessels 
of the arms and hands, a large plaque about the elbow, in the vessels of the 
entire lower extremities, in the soft tissues around the knees and feet, 
in the abdominal aorta and some of its branches, and in the pelvic arteries. 
This calcification afforded an exceptional visualization of the involved 
vessels. Productive arthritic changes were demonstrated by Roentgen ray 
in the bones of the hands, the feet and the dorsolumbar spine. 

Death occurred from a terminal pneumonia on September C, 1939. 

Autopsy (14 hours postmortem by Dr. D. G. Freiman). The body is 
fairly well developed and well nourished; it appears much older than the 
given age. Scalp is bald except for a narrow gray tonsure. Skin of face is 
smooth, beard very light. Cornea: are cloudy. There is a eoloboma in the 
right eye and the pupil of the left eye is moderately contracted and slightly 
irregular. Gums are edentulous. There is no palpable adenopathy. Pubic 
hair is scanty. External genitalia are hypoplastic, penis and testes being 
very small. There is slight pitting edema over the lower legs and feet. 
Both feet show some scaling of the skin and there are several very shallow 
pink or yellowish-pink ulcers; one located over the left internal malleolus 
and several over the bony prominences on the soles of the feet. The right 
great toe has been amputated. The left 5th toe is missing. There is con- 
siderable hallux valgus. Telangiectases are present over both knees. Botli 
patella: and in a few spots the upper end of the tibia: are somewhat rough- 
ened. The knees are prominent. There is a moderately heavy panniculus. 
Abdominal cavity contains about 2 liters of slightly blood-tinged fluid. 
Liver and spleen extend below the costal margin. Both pleural cavities 
contain about 1 liter of straw-colored fluid. Pleural surfaces are smooth 
and show no adhesions. 

Larynx. Mucosa is pale. The true vocal cords, particularly the left, 
show areas of red discoloration which appear to be submucous hemor- 
rhages. Thyroid (weight, 12 gm.) is quite small and firm, cuts with some 
resistance, revealing a reddish-pink parenchyma containing a little colloid. 
There are several small adenomas less than 1 cm. in diameter. Parathy- 
roids: Only two found. These are slightly larger than average and one 
shows a few dark areas of discoloration. 

Lungs. On section, the lungs are pink and slightly rubbery. From 
some areas a small amount of pale frothy fluid can l>e expressed. There 
are no areas of consolidation. Intrapulmonary voxels and bronchi are not 
unusual. Hilar nodes are numerous and some are large, soft and edematous. 
Nodes also extend along the great vessels and along the trachea and bronchi. 
On section, many of the nodes contain anthracotic pigment and scattered 
gray areas. A few are hemorrhagic. 
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Heart. Weighs 350 gm. Pericardial sac is thin-walled and smooth ; it con- 
tains about 50 cc. of straw-colored fluid . Heart is hypertrophied and slightly'' 
flabby; the left side is prominent. On opening the chambers no thrombi 
or emboli are found. The left ventricle is dilated. There is considerable 
subendocardial fibrosis over the posterior and septal walls of the left 
ventricle. There are some small hemorrhages in the myocardium. Chorda; 
tendine® are fairly prominent in right ventricle and somewhat flattened in 
the left. Posterior mitral valve flap has a markedly rolled edge. Aortic 
valve shows considerable atherosclerosis with calcification. There is a slight 
tendency to fusion in the region of the commissures. Coronary ostia are 
patent. There is considerable atherosclerosis with calcification in the larger 
branches of the coronary vessels, but no occlusion can be found. 

Aorta. There is atherosclerosis in the region of the sinuses of Valsalva 
and around the coronary orifices. Remainder of the ascending arch of the 
upper descending aorta shows only scattered evidence of atherosclerosis. 
In the lower descending aorta atherosclerosis becomes prominent with 
considerable calcification, and the external iliacs are rigid tubes, showing 
a ring-like sclerosis of Monckeberg. Orifices of main visceral branches of 
the aorta also show considerable calcification but the main renal arteries are 
relatively free from atherosclerosis. 

Liver. Weighs 2100 gm. The entire left lobe is replaced by a mass of 
tumor tissue; and another similar mass 4 cm. in diameter is seen in the 
right lobe. Vena cava, portal vein and hepatic ducts run into the liver 
completely unobstructed, even in the region replaced by tumor. Gall 
bladder is normal. 

Pancreas. Of average size and shape and deeply buried in dense fascia 
and adipose tissue. 

Spleen: Weighs 1050 gm. The capsule is smooth except for a few very 
small areas of roughening. On section, cut surface is shiny and purplish 
with a homogeneous appearance. Architecture cannot be distinguished. 
Test for amyloid is negative. Splenic artery shows in places considerable 
atherosclerosis of the Monckeberg type. Celiac axis and some of the other 
abdominal vessels are similarly involved, all showing marked calcification. 

Suprarenals: Together weigh 23 gm. They are moderately firm. Cortex 
appears normal and contains a moderate amount of lipoid. Medulla is 
reddish-gray and prominent. 

Gasiro-inteslinal Tract: Shows nothing unusual. 

Kidneys: Weigh 220 (right) and 225 (left) gm. Both are large. Capsules 
are firmly adherent to the perirenal fascia and fat. Capsule of right kidney 
strips with ease, revealing a slightly granular surface which has a pale- 
pink color. The right kidney’s cut surface stands up slightly from the cut 
edge. Cortex and medulla are not well demarcated. Larger vessels in 
kidney substance show considerable sclerosis with calcification. Left 
kidney: Capsule also strips with ease but is much smoother and more 
purplish than the right. Corticomedullary junction is much more distinct 
than in right kidney. Cut surface tends to remain on a level with cut edge 
but larger vessels also contain calcium. Prostate: Very small and fairly 
soft. Seminal vesicles not unusual. Testes: Small, together weighing 
19 gm. with the epididymes. They are soft, have a wrinkled tunica and on 
section are tan. Tubules string easily. Epididymes, on section, reveal 
little pigmentation. 

Bone. (1). Marrow of lumbar vertebrae is red and appears normally 
trabeculated. 2. Incision made into right knee joint. Patella is somewhat 
roughened and there is a moderate amount of mucoid fluid in the cavity 
of the knee joint. 3. The periosteum over lower portion of femur is heavy 
and fibrous. Section of this portion of bone reveals a very thin cortex with 
an extensive spongy marrow, having a rather pale pink color. 
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Brain: Weighs 1250 gin. Scalp, calvarium and dura are normal. There 
is no congestion or thickening of the meninges. Vessels at base of brain are 
not sclerotic. 

Spinal Cord: Xo abnormalities noted. 

Microscopic Examination: Heart. Both ventricles show hypertrophy 
of muscle fibers with scattered areas of replacement fibrosis. In the pos- 
terior wall of the left ventricle there are a few areas of more recent infarction. 

Lungs: Both lungs show emphysema and partial atelectasis. Many 
alveoli contain mononuclears and macrophages. 

Liver: Portion of tumor is composed of branching cords and clumps of 
polygonal cells with round or oval hyperehromatic nuclei containing one 
or more nuclei. Between the cords there are strands of areolar tissue con- 
taining round cells and connective tissue cells. This portion of the tumor 
closely resembles liver tissue. There are also large areas of necrosis. Sur- 
rounding liver shows cloudy swelling. Portal areas shows round cell in- 
filtration and there seems to be some proliferation of bile ducts. 

Spleen: Marked fibrosis (Banti type) with considerable diminution in 
pulp and very small atrophic follicles and trabecula;. 

Pancreas: Extensive autolysis of acinar tissue. Some of the islets are 
fairly large and irregular. 

Kidneys: Increase in interstitial connective tissue to the point of actual 
scarring in areas. Glomeruli are anemic, some are hyalinized and show 
ring-like fibrosis around Bowman's capsule. There is broadening and 
h valorization of walls of glomerular capillaries. Some of the tubules are 
dilated and contain hyaline casts, some contain calcium deposits. Arteriolar 
narrowing is seen. A moderate sized vessel shows intimal thickening. 

Adrenal: Capsule uniformly thickened. Cortex is wide and moderately 
rich in lipoid. Glomerular zone is active and well preserved, and there arc 
numerous small circumscribed adenoma-like areas, for the most part 
composed of cells similar to those of the glomerular zone. Fascicular zone 
is fairly rich in lipoid, well preserved, and many of the cells contain brownish 
pigment which is still more marked in the reticular zone. In addition there 
are several areas where these cells appear swollen, acidophilic and the 
nuclei are much enlarged and the stroma irregular. The medulla is well 
preserved, stains moderately with chrome salts and shows an occasional ill- 
defined focus of lymphocytes. 

Thyroid. Multiple encapsulated colloid adenomata with some increase 
of stroma in the non-edematous areas. These adenomata are composed of 
very large and very small follicles most of which arc distended with a 
rather homogeneous colloid. 

Testis: Complete atrophy. Tubules small, thick walled, and for mo-t 
part lined with a single layer of columnar epithelium. A few tubules con- 
tain distorted spermatogonia, but no spermatids. Interstitial cells are 
po««iblv relatively decreased, for despite the enormous atrophy of the 
tubules, there is no increase in the number per field. The individual cells, 
however, are intact, ami many of them slightly pigmented. Epididymi- 
appear- normal, except that the tubules arc free from sjierm. 

Prodnle: Histologically, the acini are somewhat smaller than normal, 
many showing exten-ive desquamation of epithelial cells and round-cell 
infiltration in the submuco-a. Fibromu*culnr stroma relatively increased. 

Seminal Vesicles: Small. Glandular acini well preserved. Musculature 
relativelv thickened. 

Parathyroid: Markedly conge.- ted. Xo large clump-, but several 
scattered individual oxyphil cell- are ‘eon. For the mo=t part the column* 
of cell- are large, with pinkish staining cytoplasm, so-called dark chief 
cells, but in other area- there i- an increa-e in the cell- wlio-e cytoplasm i- 
large, water clear and vacuolated, indicating imrea-ed activity. 
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Personal History. He is Jewish and had been a bookkeeper and cashier. 
He had had 7 admissions to other New York hospitals. He was well until 
1926, although he had always had small extremities and the skin was 



c,, — Case Werner'.' syndrome. Amputation of nrm not for Werner'* syndrome 
hut for fibro-nreomn. 


always tieht especially over hi' hands and feet. In 1926 he Miffered an 
injury to lib left heel eati'ine eoii'iderable pain and disability. An operation 
w.a< performed re>ultinc in a foot drop. He developed various crack.' in 
the skin of the foot which took a lone time to heal. Hv 1927 he had ulcer' 
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of the left foot with shortening of the Achilles tendon. In July, 1937, he 
had an ulcer of the right heel. The toes of his feet gradually became 
immovable, and the skin became hard, dry and shiny. In September, 1936, 
he had to have two phalanges of his left fourth finger amputated after 
having caught the finger in a door. In 1938 an advanced sclerosis of the 
blood vessels of the upper and lower extremities was noticed ; also a moderate 
demineralization of the entire osseous system. He also had graying of the 
hair beginning in 1918, loss of hair in 1923, loosening of the teeth beginning 
in 1933, cataracts appearing in 1931, requiring a left iridectomy in 1932 
and a right iridectomy in 1937. 

In 1937 he first noticed a swelling of his left forearm, which on Roentgen 
ray revealed an erosion of the radius. This mass, removed in 1938, was 
diagnosed histologically as a fibrosarcoma. 

Physical Examination. He was undersized. Although actually 38 years 
of age, he was generally taken for 55. His height was 157 cm. and his weight 
52 kg. He was gray and partly bald. His teeth were carious, many were 
broken or missing. Extremities were gracile, the torso large. His eyes 
were prominent and staring, the sclera were blue. Bilateral postoperative 
coloboma of the iris, aphakia of the left eye, and cataract of the right lens 
were found. Voice was high-pitched. There were prominent veins over 
the thorax and extremities, severe ulcerations and pigmentation of both 
feet. Gynecomastia was present to a mild degree. The hair over the 
abdomen and chest was sparse. The genitalia were small. The distribution 
of the pubic hair was feminine in type. Both testes were small; the left 
especially so. The lungs were clear. The heart was not enlarged; there 
was a systolic murmur over the aortic area. Blood pressure was 180/108. 
Abdominal examination disclosed no enlargement of any of the viscera. 
Prostate was very small and smooth, and felt about one-third normal 
size. No lymphadenopathy except for two small nodes in the right axilla. 
Extremities were small and slender. The skin was drawn tightly over the 
shins and wrists, and presented many areas of pigmentation, discoloration 
and dry scales. There were a few telangiectases of the skin over the knees 
and face, a foul-smelling necrotic mass overlying the left radius, pressure 
atrophy over the right elbow, a crusted ulcer over the right malleolus. 
The skin of the toes was dry, hard and so taut that the toes could not be 
moved. No pulsation of the dorsalis pedis or posterior tibial arteries could 
be felt. The left ankle was fixed in extension, the knee could not be fully 
extended, the right ankle had slight power and movement. Circumference 
of left leg was smaller than the right. The arteries of the extremities felt 
sclerotic. Scleroderma and sclerodactylia were present. 

Neurologic Examination. There were no cranial nerve changes. All 
deep reflexes were exaggerated. Spontaneous ankle clonus on the right side 
was sustained. Marked plantar hyperesthesia, bilaterally, but no hyperes- 
thesia of the calves. The plantar reflexes were normal. Abdominal and 
cremasteric reflexes were equal and active. 

Laboratory Data. The electrocardiogram showed only a left axis devi- 
ation. Basal metabolic rate was —8% and —5%. Urine: acid, 1020, manj* 
leukocytes, otherwise no abnormality. Blood examination: Hemoglobin 
110%; red blood cell count 5,950,000; leukocyte count 5,750 (neutro- 
phils, 65%, lymphocytes, 35%). Blood urea nitrogen 12 mg. per 100 cc.; 
sugar 87, cholesterol 167, cholesterol esters 111. Glucose tolerance test: 
fasting 87 mg. per 100 cc., after l hour, 141; 1 hour, 154; 2 hours, 72; 
3 hours, 80; 4 hours, 85. Blood Wassermann and Kahn tests negative. 
Positive Hamilton test for parathormone (Baumann and Sprinson). The 
blood serum calcium was 10.3 mg. per 100 cc., serum phosphorus 3.9 mg. 
per 100 cc. The phosphatase was 6 Bodansky units per 100 cc. (Dr. M. 
Sandberg). The C0 2 combining power was 60.6 vol. %. Roentgen raj* 
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examination revealed a generalized osteoporosis; calcification of the blood 
vessels; a normal sella turcica. On February 20, 1940, analysis of the skin 
dissected from the areolar tissue revealed: water 54.4%, calcium 9.7 mg. per 
100 cc. wet, 21.3 mg. per 100 cc. dry (Dr. E. J. Baumann). 

Course. The cataract of the right eye was removed by Dr. Agatston 1 on 
October 10, 1938. The fundus was normal with the exception of senile 
arterioloselerosis with slight hypertensive changes. The patient also 
received very intensive Roentgen ray treatment to the tumor of the left 
forearm; but finally a flap amputation through the upper third of the left 
arm had to be performed. The stump healed well. He was placed on 
dihydro-tachysterol for the scleroderma, with subjective improvement. 
Nevertheless at the time of his discharge from hospital, and even as late as 
May, 1941, lie was unable to stand or walk without crutches because of the 
scleroderma and deformity of his lower extremities (Fig. G). 


Table 1. — Tabulated Findings in 3 Patients. 


D. G. t age 48 years. 
Premature graying and 
baldness (12)* 
Sclerodeima (2S) 
Precocious cataracts (36) 
Characteristic habitus 
Hypogonadism 
Trophic ulcers, legs 
Noimal sclera; 

Metastatic calcification 
Osteoporosis 
Calcification of vessels 
Hypoglycemic tendency 
No neoplasm 
Normal calcium balance 
Hamilton test: normal 


A. G., died 42 yeais. 
Premature giaying and 
baldness (S) 
Scleroderma (34) 
Precocious catai acts (29) 
Characteristic habitus 
Hypogonadism 
Trophic ulcers, legs 
Blue sclciie 

Metastatic calcification 
Ostcopoiosis 
Calcification of vessels 
Diabetes meliitus 
Primary cancer of liver 
Negative calcium balance 
Hamilton test: positive 


H. T., age 41 years. 
Prcmntuie graying and 
baldness (IS) 
Sclciodeima (26) 
Piecocious catnracts (32) 
Characteristic habitus 
Hypogonadism 
Trophic ulccis 
Blue scletm 

Metastatic calcification 
Osteopoi ofeis 
Calcification of vessels 
Borderline hypoglycemia 
Fibiosarcoma of radius 
Blood calcium normal 
Hamilton test, positive 


* These figures indicate the age of onset of the respective signs nnd symptoms. 


The outstanding features of our 3 eases are summarized in 
Table 1. The prominent clinical symptoms are referable to struc- 
tures ectodermal in origin. The canities appears generally in the 
second decade of life, premature loss of hair somewhat later, the 
sclero-poikiloderma in the third decade, and the bilateral juvenile 
cataract Tuther early in the fourth decade. Heredity and con- 
sanguinity play an important role, suggesting that the ectodermal 
abnormalities represent an abiotrophy. It is of interest that two 
unusual types of primary malignant tumors have occurred in 2 out 
of our 3 cases, and in both instances at a relatively early age. 

The cases clinically presented endocrine stigmatization in which 
we were particularly interested. Attention has already been called 
to the participation of the gonads. In the male, hypogenitalism, 
delayed puberty, failure of full development of the secondary sexual 
characters, occasional gynecomastia, large broad pelvis and eunu- 
choid appearance have been noted. In the reported female eases, 
there is evidence of ovarian insufficiency in delayed puberty, infre- 
quent or scanty menstruation, or irregular menstruation, with subse- 
quent premature amenorrhea occurring as early as the sixteenth 
vear. Increased urinary excretion of folliculin has been reported by 
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Marchionini and Lux. 6 In the latter ease attention was called to 
the transient hypofunetion of the islet tissue of the pancreas in that 
the glucose tolerance test occasionally revealed a diabetic type of 
curve. Of our patients, Case 2 was a frank diabetic, Case 1 had a 
hypoglycemic tendency, and Case 3 also presented a borderline 
hypoglycemia. Disturbances of the thyroid gland, such as goiter, 
or frank Graves’ disease, or merely Basedowian symptoms, have 
been repeatedly described in the patients themselves or in members 
of their family. In 2 of our 3 cases the eyes were prominent, but the 
basal metabolic rates were rather subnormal; the postmortem 
examination of one thyroid gland revealed multiple adenomata. 
This necropsy also showed adrenal cortical adenomata, with evi- 
dence of activity of the glomerular zone. Careful examination of the 
pituitary did not reveal any histologic abnormalities. 

In the original communication attention was called to the partici- 
pation of the parathyroid gland. Subsequent observations have 
yielded more evidence for this view. The following’ findings are 
suggestive of hyperparathyroid effects in Werner’s syndrome: 

1. Generalized and localized osteoporosis. 

2. Metastatic calcification as indicated in: a, the arterial tree; 
advanced and extensive Monckeberg’s sclerosis at a relatively early 
age; b, phleboliths; c, calcific deposits in the soft tissues (ligaments, 
skin, kidneys). 

3. Transient, recurrent hypercalcemia. 

4. Abnormal negative calcium balance in at least 1 case. 

5. Increased circulating parathormone (by the Hamilton test) in 
2 of 3 cases. 

Moreover, observations on the relationship of scleroderma to 
hyperparathyroidism, to which we have previously referred, have 
recently been extended by the clinical and experimental investi- 
gations of Selye, 7 and of Leriche and Jung. 4 

The validity of the test of Hamilton and Schwartz 3 for para- 
thormone, positive in 2 of our 3 cases, has been confirmed by 
Baumann and Sprinson. 2 

Treatment. Removal of the fully developed cataracts has suc- 
cessfully restored vision. Amputation of both legs has been neces- 
sary in one instance. Dihydrotachysterol (A.T.10) gave subjective 
improvement. Other than those measures, treatment, as in so many 
other heredofamilial disorders, was unsatisfactory. 

Summary. 1 . Werner’s syndrome may be defined as a rare her- 
edofamilial disorder with selero-poikiloderma, bilateral juvenile 
cataract, canities, laryngeal changes, endocrine stigmatization of a 
pluriglandular type and constitutional inferiority. 

2. Three cases of Werner’s syndrome including the first reported 
necropsy are reviewed. 

3. The clinical evidence of endocrine stigmatization was con- 
firmed by the following post-mortem findings: atrophy of the testes 
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and prostate gland, adenomata of the thyroid and adrenal, and 
evidence of hyperactivity of the parathyroid. The pituitary gland 
showed no abnormalities. 

4. The clinical evidences of parathyroid hyper-activity are enu- 
merated, and their significance briefly discussed. 
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THE HAMILTON-SCHWARTZ TEST AND HYPERPARA- 
THYROIDISM IN VARIOUS DISEASES. 

By Nahum J. Winer, M.D., 

FELLOW IN MEDICINE, 

NEW YORK CITY. 

(From the Medical Service of Dr. Leopold Lichtwitz, Montefiore Hospital for Chronic 

Diseases.) 

In 1932, Hamilton and Schwartz 6 " 6 reported a method for deter- 
mining small amounts of parathyroid hormone in blood or extracts 
by producing a characteristic blood calcium curve in rabbits follow- 
ing oral administration of calcium chloride. In 1936, with the use 
of this method, Hamilton and Highman 5 established the parathyroid 
hormone level in 38 norma! individuals and concluded that a mini- 
mum rise of 0.3 millimols (1.2 mg. per 100 cc.) of calcium per liter 
or higher was indicative of excessive amounts of hormone. 

The method was then applied to various disorders where hyper- 
parathyroidism was suspected. In the study of rickets, first, experi- 
mentally, Hamilton and Schwartz 6 " found that of 12 rachitic ani- 
mals, 9 gave positive tests indicating excessive amounts of hormone; 
then, clinically, Highman and Hamilton 8 " and Ivajdi and Shelling” 
each reported a rachitic patient positive. Several studies were 
made in kidney disease. Shelling and Remsen 18 reported a positive 
test in a case of renal rickets which, at autopsy, revealed enlarged 
parathyroid glands. Bass and Pakter- reported a questionably posi- 
tive and a negative test in a case of polycystic kidney with bone 
changes. Highman and Hamilton 84 reported positive tests in 20 
of 23 cases of chronic nephritis, while Gilligan, Yolk and GargilJ 4 
found but 1 of 15 such cases positive, even though 4 of those with 
negative results had enlarged parathyroid glands at autopsy. In 
other diseases Ivajdi and Shelling 11 reported a case of osteitis fibrosa 
cystica positive and 1 of xanthomatosis and 1 of Paget’s disease 
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negative. Gilligan, Yolk and Gargill, 4 on the other hand, found 3 
of 8 cases of Paget’s disease positive. The latter authors also re- 
ported 7 of 18 cases of thyrotoxicosis positive, 2 of the positive 
patients turning negative after iodine therapy. Studying the state 
of the parathyroid gland in pregnancy, Hamilton, DaSef, Iiighman 
and Schwartz 7 found the hormone level excessive, especially between 
the 15th and 35th week. This corresponds with the changes in the 
histology of the gland. a.io.ua.ie.u Finally, a closer correlation be- 
tween the parathyroid gland and the Hamilton-Schwartz (H-S) 
test was recently established experimentally by Baumann and 
Sprinson. 3 ® With varying degrees of parathyroid enlargement (feed- 
ing rabbits a high phosphorus diet over a prolonged period) there was 
close correspondence between the H-S test and the degree of hyper- 
plasia observed histologically. Positive tests were obtained in 
these animals for as long as 2| years. They further noted 35 that 
the use of a proper strain of animal is essential for the success of the 
test since the Dutch, Belgian and hybrids of these two varieties 
are less resistant than the New Zealand whites and chifichillas. 

Purpose of Study. We have made an attempt to detect exces- 
sive amounts of parathyroid hormone by means of the H-S test in 
various clinical disorders in which increased parathyroid activity 
was suspected, especially where not reflected by abnormality in the 
blood calcium and phosphorus levels. Further, wherever possible, 
the parathyroid gland was studied histologically for correlation 
between changes in structure and the Ii-S test. 

Method. The test was made according to the modified method of 
Hamilton and Iiighman : 5 100 mg. of calcium as calcium chloride in 10 cc. 
water was given to a properly controlled rabbit (see below) by stomach 
tube at the beginning of the test and again at 1, 3 and 5 hours. Thirty cubic 
centimeters of blood was drawn from the patient and 15 cc. injected imme- 
diately into each thigh muscle of the animal. Blood was drawn from the 
animal at the beginning of the test and 7 to 15 minutes after the last two 
administrations of calcium chloride. Excessive parathyroid hormone was 
indicated by a minimum rise of blood calcium of 0.3 millimols per liter after 
either the 3d or 4th administration of calcium chloride, usually somewhat 
sustained at the end of 3 to 5 hours. The rabbits used were of the Dutch 
and Belgian strains and at least 5 months old. They were fed on an alfalfa 
and oats diet with a Ca:P ratio of at least 1:1. A control test was carried 
out on the animal 4 to 5 days before studying a patient by following the 
blood calcium curve with the administration of calcium chloride alone 
obtaining a negative result. Rarely, the animal was controlled by admin- 
istering 20 units, parathormone and obtaining a positive result with calcium 
chloride. 

Results (Table 1). Because of the unique character of many of 
the cases studied, it is believed best to present the results in reference 
to the particular case. „ 

Group 1. Hyperparathyroidism. Case 1 had had a parathy- 
roid adenoma, 3 cm. in diameter, removed 6 months before the test. 
At the time of the H-S test, there was still extensive osteoporosis 



644 


WINER : THE HAMILTON— SCHWARTZ TEST 


with cystic formation though some improvement in bone densitv was 
noted since operation. Though the blood Ca-P levels were normal 
(Ca 9.6 mg. per 100 cc.; P 2.4 mg. per 100 cc.; phosphatase 27.9 Bu*), 
the H-S test was markedly positive. Microscopically, the gland 
was composed largely of the “water-clear” cell type and a clump 
of suggestively malignant cells were noted in the lumen of a vessel. 
A follow-up note from the Presbyterian Hospital revealed that 
recently, following the recurrence of signs and symptoms, a second 
operation revealed two nodules of parathyroid-like tissue. This was 
diagnosed as a carcinoma of the parathyroid gland. 


Table I. — Results of the Hamilton-Schvartz Test in Various Diseases 
With Histologic Examination of the Parathyroid Gland in Some. 





H-S t»st 

Parathj roid histoloiy. 


No 



s 


-A „ 

Disease. 

cases 

Pos 

Neg 

Active 

Resting 

Hyperparathyroidism 

2 

o 

0 

2 

0 

Werner’s syndrome 

3 

o 

1 

1 

0 

Paget's disease 

5 

3 

2 

X 

0 

Chronic renal disease 

S 

o 

G 

3 

0 

Sclerodermai* 

2 

0 

o 

0 

0 

Osteitis fibrosa disseminata 

1 

0 

1 

It 

0 

Cushing’s syndrome 

1 

0 

1 

0 

0 

Multiple myeloma 

1 

0 

1 


0 

Arthritis 

3 

0 

3 

0 

0 

Edema n ith hypocalcemia 

I 

0 

1 

It 

0 

Posthypercalcemia 

1 

0 

1 

0 

0 

Renal calculi 

1 

0 

1 

0 

0 

Hypogonadism 

X 

0 

1 

0 

0 

Osteogenesis imperfecta 

X 

0 

1 

0 

0 


Case 2, roentgenographically, revealed diffuse resorption of bone 
calcium without cystic formation. The blood P was persistently 
low (1.8 mg. per 100 cc.) while the Ca was normal (10.8 mg. per 
100 ce.). Phosphatase was 7 Bu. The H-S test was positive. 
An exploratory operation revealed no parathyroid adenoma though 
a gland removed showed scattered areas of “water-clear” cells, 
microscopically, indicative of hyperactivity. 

Grocp 2. Plckiglandclar Syndrome. Cases 1, 2 and 3 (51. T. 
being reported elsewhere) represent a rare clinical entity— that of 
Werner's syndrome. Two of these cases, brothers, A. G., and D. G., 
have previously been reported by Oppenheimer and Kugel. 15 The 
syndrome is briefly characterized by them as a “rare heredofamilial 
disorder with sclerodermatous or poikilodermatous skin changes, 
bilateral juvenile cataract, canities, laryngeal changes, endocrine 
stigmatization of a pluriglandular type and evidence of constitu- 
tional physical inferiority.” Metabolic studies had revealed a nega- 
tive calcium balance in 1 of the patients (A. G.) suggesting increased 
parathyroid activity. In the present study, at the time of the 
H-S test, A. G. had a blood Ca of 12 mg. per 100 cc. and P of 

* Bodansky units. 

t See text for di=cu'«ion of parathyroid eland biopsy. 

J Activity not striking though present. 
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3 mg. per 100 cc. The phosphatase was 8 Bu. The H-S test was 
positive. This patient subsequently came to autopsy (being re- 
ported at length elsewhere) with a terminal blood Ca level of 13.1 mg. 
per 100 cc. The parathyroid gland, though not particularly enlarged, 
presented areas of “water-clear” cells intermingled with areas of 
fibrosis suggesting repeated phases of activity and remissions in the 
past. 146 The other of the two brothers, D. G., had normal blood 
Ca-P-phosphatase levels and a negative H-S test. This patient had 
previously had a normal calcium balance. 15 The 3d case, PI. T., 



Chart 1 . — Hamilton-Schwartz test in 3 cases of Werner's syndrome. The chart 
shows a rise of more than 1.2 mg. per 100 cc. calcium in the rabbit blood in 3 hours 
and sustained above the initial level in 5 hours according to the method of Hamilton 
and Schwartz in 2 of 3 cases of Werner's syndrome. 

had normal blood Ca-P-phosphatase levels (Ca 10.3 mg. per 100 cc.; 
P 3.9 mg. per 100 cc.; phosphatase 6 Bu). The IP-S test was 
positive. 

Case 4 was one of osteitis fibrosa disseminata in a 12-year-old 
white female previously reported by McCune and Bruch 13 and the 
syndrome discussed at length by Albright, Butler, Hampton and 
Smith. 1 The case is characterized as one of precocious puberty, 
skin pigmentation, asymmetrical bone changes with cyst-like forma- 




646 winer: the Hamilton— Schwartz test 

tion not too unlike von Recklinghausen’s disease, and elevated basal 
metabolic rate. Despite the suspected increased parathyroid activ- 
ity, repeated blood Ca and P levels were normal (Ca 9.6 mg. per 
100 ee. ; P 2.3 mg. per 100 cc.; phosphatase 0.21 Ku (Kay units). 
The H-S test was negative. At autopsy, the parathyroid gland 
showed some evidence of increased activity, though not strikingly 
so. The thyroid gland, on the other hand, was distinctly hyper- 
active. The autopsy is being reported in full elsewhere. 

Case 5 was one of Cushing’s syndrome of 19 years’ standing with 
severe osteoporosis and collapse of several vertebra. There had 
been considerable improvement in the clinical picture with increased 
calcium deposition in the bones during the past 4 years. At the 
time of the H-S test, the blood Ca-P levels were normal (Ca 
10.5 mg. per 100 cc.; P 3.3 mg. per 100 cc.) and the test was negative 
which was in accord with the improved clinical status. 

Case 6 presented, the chief complaints of muscle weakness of long- 
standing and recent anginal seizures and dyspnea. There was 
known testicular atrophy and loss of libido for many j’ears and 
evidence of hypothyroidism indicated by repeatedly low basal 
metabolic rate determinations. The blood Ca-P levels were normal 
and the H-S test negative which was in accord with the generally 
depressed endocrine state. 

Group 3. Paget’s Disease. Five cases of Paget’s disease were 
studied, all characterized by a history of many years’ duration and 
extensive bone involvement. One case had an associated osteo- 
genic sarcoma. The blood Ca-P levels in all cases were normal, 
nevertheless, the H-S test was definitely positive in 2 and question- 
ably so in a third case. The case with the associated sarcoma 
eventually came to autopsy and showed slight gross enlargement 
with many localized areas of "water-clear" cells, microscopically, 
indicating hyperactivity. This case had had a definitely positive 
H-S test. 

Group 4. Chronic Glomerulonephritis. Of 8 cases of chronic 
glomerulonephritis studied, 2, both in uremia, gave borderline posi- 
tive tests. One showed a progressive rise to 1 mg. per 100 cc. with 
the peak in 5 hours, the other, 1.1 mg. per 100 cc. in 3 hours when 
the animal died. In both cases there was inversion of the blood 
Ca-P levels, clinically. At autopsy, 1 case showed slight enlarge- 
ment of the parathyroid glands and both showed areas of “water- 
clear” cells indicative of hyperactivity. A third case with a normal 
blood Ca-P level had a negative H-S test. However, 1 year later, 
at autopsy, one parathyroid gland was enlarged, measuring 1 cm. 
in diameter, and showed a predominance of the clear chief-cell type 
and areas of “water-clear” cells. The only other instance of an 
altered blood Ca-P level and a negative H-S test was a case with 
an initial history of chronic rheumatic heart disease terminating in 
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congestive failure and uremia of short duration. No autopsy was 
obtained. 

Group 5. Scleroderma. Two cases of scleroderma were studied 
in view of the questionable role played by the parathyroid gland 
in its pathogenesis. Both cases were long-standing and neither 
showed abnormal blood Ca-P levels. The H-S test in both was 
negative. It is noteworthy, however, that one of these cases had 
had a parathyroidectomy as a vain therapeutic measure 2 years 
before when there was marked histologic evidence of hyperactivity. 
This patient came to autopsy several months after the H-S test 
following the development of a severe mediastinitis. The thyroid- 
parathyroid region was markedly fibrosed so that no parathyroid 
tissue was found. 

Group 6. Arthritis. This group consisted of 3 cases, 2 being 
that of Still’s disease studied because of severe osteoporosis with 
markedly deforming arthritis. At the time of the H-S test, both 
cases were well in the chronic phase and improving. The blood 
Ca-P levels were normal. The test was negative. The third case 
was that of a moderate rheumatoid arthritis with slight bone calcium 
resorption associated with rapid growth of questionable endocrine 
origin and an admission report of slightly elevated blood calcium 
level. At the time of the H-S test, the blood calcium level was 
normal, while the test was borderline. A repeat test proved 
negative. 

Group 7. Miscellaneous. Multiple Myeloma. This patient 
presented the characteristic bone changes and Bence-Jones protein- 
uria. The blood Ca-P levels were normal. The H-S test was 
negative. At autopsy, the parathyroid glands suggested some 
activity, though not strikingly so. 

Edema of Unlcnovm Origin. The essential clinical features were 
marked hypoproteinemia, hypocalcemia and edema for 21 years 
with sporadic asthmatic (?) seizures and, more recently, cardiac 
failure. In view of the marked depression in blood calcium level, 
it was thought possible to detect increased circulating parathyroid 
hormone due to compensatory increased parathyroid activity. 
However, the H-S test was negative. At autopsy, 1 year later, the 
parathyroid glands showed suggestive though not striking evidence 
of increased activity. 

Posthypercalcemia. This patient had an attack resembling renal 
colic 1 year before the H-S test but not confirmed by roentgenogram. 
The blood calcium then was 14.2 mg. per 100 cc. and phosphorus 
5.7 mg. per 100 cc. Eight months later, the calcium was still 
13.2 mg. per 100 cc. when sodium citrate therapy was begun. At 
the time of the H-S test the Ca-P level was normal. The test was 
negative. 

Recurrent Renal Calculi. The H-S test was made to rule out 
hyperparathyroidism as the possible etiology of recurrent renal 
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calculi in spite of the repeated normal blood Ca-P levels. The test 
was negative. 

Osteogenesis Imperfecta. This case was that of a child with the 
characteristic bone changes of osteogenesis imperfecta for 7 years 
and a history of numerous fractures. The blood Ca-P levelsVere 
persistently normal. The H-S test was negative. 

Comment. There are several noteworthy observations from the 
data presented above. First, apart from the 2 cases of chronic- 
nephritis, whose altered blood Ca-P levels are attributed essentially 
to underlying renal disease, 6 of the 7 cases with positive H~S tests 
had normal blood levels for both Ca and P, at the time of examina- 
tion. In the 7th case (Case 2, Group 1) only the P level was 
persistently low. The parathyroid glands in 3 of the 6 cases were 
examined histologically and activity confirmed: This appears sig- 
nificant and indicates the considerable aid the H-S test might offer 
in diagnosis particularly where routine blood examination reflects 
no parathyroid gland disturbance. 

Second, the close correlation between the H-S test and the 
histologic appearance of the parathyroid gland appears striking. 
In all 6 cases where the parathyroid glands were examined and the 
H-S test was previously positive, the hyperactivity of the glands 
was confirmed histologically. In the other 4 cases where the para- 
thyroid glands were examined and the H-S test was previously 
negative, the histologic evidence of activity in all but 1 was not 
striking, if any more than suggestive. The exception was the case 
of chronic nephritis with the parathyroid adenoma and moderately 
active appearance. However, the parathyroid glands in this case, 
as those of 1 of the other 3 cases, were examined 1 year after the 
test so that proper correlation is difficult. 

In view of the otherwise generally close correlation between the 
H-S test and the appearance of the parathyroid gland, the probable 
significance of the test in the interpretation of several of the diseases 
studied becomes apparent. First, in Paget’s disease, it is note- 
worthy that 2 and possibly 3 of the 5 cases studied had a positive 
H-S test. This is in accord with Gilligan, Yolk and Gargill, 4 who 
reported 3 of 8 cases positive, particularly significant, since they 
could find but 1 of 15 cases of chronic renal disease positive. This 
suggests the possible role of the parathyroid gland in the patho- 
genesis of Paget’s disease, whether acting alone or in combination 
with other members of the endocrine system. On the other hand, it 
must be noted that 1 of the positive cases in the present series, 
confirmed histologically, had an associated osteogenic sarcoma, 
which, in itself, may produce an actively appearing gland. 13 Second, 
in Werner’s syndrome, the results of the H-S test are striking— 2 
of 3 cases being distinctly positive and 3 confirmed histologically. 
These results, in conjunction with the observation of a negative 
calcium balance and hypercalcemia in the autopsied case previously 
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made by Oppenheimer and Kugel, 15 lend further support to the role 
of the parathyroid gland in the pathogenesis of the disease. 

On the other hand, negative results may also be significant. 
This appears true in the case of osteitis fibrosa disseminata (Group 2, 
Case 4). McCune and Bruch 13 in their study of this same case 
several years before reported positive calcium balance studies and 
several negative H-S tests. In the present study, the H-S test was 
again negative and subsequent autopsy revealed the parathyroid 
gland to have some but no striking activity. This would tend to 
exclude the parathyroid gland as a major factor in the pathogenesis 
of the disease, in spite of the resemblance between the bone changes 
here and those of true von Recklinghausen’s disease. 

An explanation might be offered for the rare instances of a nega- 
tive H-S test where the parathyroid gland was distinctly active, 
histologically, or for the negative test in the 1 case of Werner’s 
syndrome where the other 2 cases were positive. It is felt that a 
remission phase of parathyroid gland function will produce a nega- 
tive result even in the face of apparent hyperactivity, histologically. 
Evidence for such alternate phases of activity and remission appears 
present in the histologic appearance of the parathyroid gland of the 
1 autopsied case of Werner’s syndrome. 146 

Finally, it is thought that some of the discrepancies in results 
hitherto noted in the literature, such as those reported in chronic 
renal disease by Highman and Hamilton 86 and Gilligan, Volk and 
Gargill 4 may perhaps be attributed to differences in control factors. 
The use of a strain of rabbit that is capable of response, such as the 
Dutch, Belgian and hybrids of the two varieties, in contradistinction 
to New Zealand whites and chinchillas, of an age that is at least 
5 months and fed on a control diet with a Ca-P ratio of at least 1:1, 
are felt to be prerequisites for the application of the H-S test. 
Further, actual study of the patient should be preceded by control 
of the animal as to potential response. These various factors have 
been amply stressed by Baumann and Sprinson. 3a - 6 

Summary. An attempt was made to detect excessive amounts 
of circulating parathyroid hormone, as a reflection of increased 
parathyroid gland activity, in various diseases by means of the 
Ilamilton-Schwartz (H-S) test. Histologic examination of the 
parathyroid gland was made wherever possible in order to establish 
a correlation between the test and degree of activity, histologically. 

It was observed, first, that in practically all instances where the 
H-S test proved positive, the blood calcium-phosphorus levels were 
normal; second, that in most instances of histologic evidence of para- 
thyroid gland activity, the H-S test was previously positive. Con- 
versely, in all instances of positive H-S tests with subsequent 
histologic study, the parathyroid gland proved to be hyperactive. 
The data suggest a positive role of the parathyroid gland in the 
pathogenesis of Werner’s syndrome and Paget's disease. 
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A NOTE ON THE EFFECT OF DERMAL AND ENTERAL 
IRRADIATION BY RADIO-PHOSPHORUS ON 
THE BLOOD LEVELS OF DOGS. 

B\ L. A. Erf, M.D., 

V M R KENAN, JR , FELLOW , CROCKER RADIATION LABOHATORT AND DEPARTMENT OF 
MEDICINE, UMVESSm OF CALIFORNIA, BEBKELE1 , CALrF 

Materials and Methods, Radio-phosphorus (P 3 -) produced by the 
Berkeley cyclotron, 4 emits only beta particles (with energies averaging 
600,000 electron-volts) which travel less than 0 8 cm distance in water. 
It has a half-life of 14.3 days An amount of P 32 was converted into sodium 
phosphate, which w as dissolved in w ater Of this hypertonic solution, 2 5 cc. 
was placed into each of 6 rubber capsules (finger cots sealed with rubber 
cement), which could be fed manually or applied to the skin. Each cap- 
sule emitted 5 5 millicunes of beta-radiation. (One milhcurie = 37,000,000 
beta particles per second.) 

Bj r puncturing the marginal ear veins of 4 healthy and active dogs 
(weighing from 6 to 7 kg), which had been wormed and acclimated to 
being housed in large w ire bottomed cages, freely flowing blood w as obtained 
for making complete blood counts. Pipettes standardized by the U. S. 
Bureau of Standards and an Osgood-Sahli hemoglobinometer were used. 
Blood counts were made before, during and after the administration of 
radiation. 

A choice in the method of administration had to be made: (A) The cap- 
sules could be fed orally to some dogs and applied to the skin of others 
for a specified time period A small localized area of skin would be irra- 
diated constantly in the latter group; while much of the mucosa and sub- 
muco^a, with their vascular systems, of the gastro-intestinal tract would 
be irradiated temporarily as the capsule passed through the lumen, m the 



Table 1. —Details of Blood Counts. 
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former group. (B) Capsules could be fed orally to one group wliile an 
equal amount of radio-phosphorus mixed in an ointment could be applied 
to an area of shaved skin equal to the area of the gastro-intestinal mucosa. 
In neither A nor B could the factors of area and time be made comparable. 
Method A was chosen. 

Experiment. To Dogs 2 and 3 a capsule was placed on the skin 
(after shaving) over the site of the spleen of each by the use of 
adhesive tape. The capsules were applied on Jan. 21, 1941, and 
removed on Feb. 1, 1941. To the others, Dogs 1 and 4, the cap- 
sules were administered orally by manual feeding. As soon as 
one capsule was excreted another was fed so that one capsule was 
in the gastro-intestinal tract of each dog at all times. It took 
between 16 to 24 hours for the capsules to travel the entire length 
of the gastro-intestinal tract. Capsules were fed 11 consecutive 
times to each dog from Jan. 21, 1941, to Feb. 1, 1941. 

Results. The changes that occurred in the white blood cell levels 
and the absolute numbers of circulating lymphocytes and neutro- 
phils of the 2 (Dogs 2 and 3) that received the same amounts of 
radiation applied to the skin, and in 2 others (Dogs 1 and 4) to 
whom equal amounts of radiation were applied to the gastro-intes- 
tinal tract through its lumen, are illustrated in Table 1. 

The trends of the levels of the white blood cells were not con- 
sistent. Those of Dogs 2 and 3 did not vary significantly during 
the period of irradiation. However, there was a rise in the trend 
of Dog 3 but not of Dog 2 after the period of irradiation. That of 
Dog 1 rose immediately following the ingestion of the first few 
capsules, then fell below its base line; but following the cessation of 
irradiation it rose compensatorily above the base line. The trend 
of Dog 4 dropped immediately upon administration of the irradia- 
tion and remained low during the period of irradiation, but rose 
compensatorily above the base line after the period of irradiation. 

The trends of the levels of the absolute numbers of neutrophils 
followed those of the white blood cells. 

The trends of the levels of the absolute numbers of -lymphocytes 
in Dogs 2 and 3 dropped only slightly during the period of irradia- 
tion, while that of Dog 1 rose (perhaps compensatorily) during the 
first 3 days of the period of iradiation, but fell below the base line 
during the remainder of the period. During the post-irradiation 
period, the former levels were reached. The trend of Dog 4 dropped 
precipitously to a level nearly 50% below the base line during the 
period of irradiation followed by a compensatory rise after the 

period (see Graph I). . .. 

The hemoglobin, red blood cell and platelet levels varied insig- 
nificantly. In Dog 3 there was a marked decrease in the percentage 
of circulating eosinophils at the end of the pre-irradiation period. 
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Upon removing the capsules from Dogs 2 and 3 a distinct erythe- 
matous area, a “beta-radiation burn” (1.5 by 4 cm.— the size of 
the capsule) was observed. The lesions developed typical scabs. 
In 6 weeks the lesions were completely healed, without contracting 
scars and without the return of growth of hair. 

Dogs 1 and 4 started to excrete pencil-shaped stools 2 days before 
the cessation of feeding the capsules. It was assumed that the cap- 
sules remained in the rectum for the longest periods of time and 
that edema of the rectal mucosa probably occurred. Both dogs 
excreted normal stools 1 week after the feeding of capsules was 
discontinued. 

Discussion. It is obvious that the capsules given orally did not 
remain in the center of the lumen of the entire length of the intes- 
tinal tract, and that they moved more rapidly in the small than in 
the large bowel. These features, in addition to the fact that the 
greatest amount of ionization occurs just before the termination of 
the beta-ray, suggest that some portions of the submucosa received 
more ionization than the overlying mucosa. Since the amount of 
radiation was sufficient to kill hair follicles of the skin it can be 
assumed that destructive beta-radiation reached some of the germ- 
inal lymphoid follicles of the submucosa of the gastro-intestinal 
tract. Evidence has been presented to indicate that the majority 
of lymphocytes originate in these follicles 1 and that these follicles 
are quite frequently hyperplastic in patients with lymphoid leu- 
kemia, 5 but less frequently involved in myeloid 3 leukemia. 3 The 
marked variations in the absolute numbers of lymphocytes of 
Dogs 1 and 4 might be attributed to the effects of radiation upon 
these follicles. 

Although the results are not conclusive, the experiment indicates 
another approach to the study of the origin of lymphocytes and 
indicates that enteral administration of radiation to human beings 
seems possible. 

Conclusions. Beta-radiation, emitted by radio-phosphorus in the 
quantities and by the method described, applied dermally, was 
followed by slight anticipated changes (including a decrease in the 
absolute numbers of lymphocytes) in the blood levels of dogs: 
applied enterally it ivas followed by similar changes associated with 
significant variations of the absolute numbers of lymphocytes. 

I wish to thank the members of the Croeker Radiation Laboratory and the Depart- 
ment of Physiology for materials and friendly cooperation. 
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A DEFECT IN CLOT FORMATION OBSERVED IN THREE CASES 

OF CHRONIC AGNOGENIC HEMORRHAGIC DISEASE.* 

By Gurth Carpenter, M.B., M.R.C.P., 

INSTRUCTOR, DEPARTMENT OF MEDICINE, THE UNIVERSITY OF CHICAGO, 

AND 

J. Garrott Allen, M.D., 

ASSISTANT, DEPARTMENT OF SURGERY, THE UNIVERSITY OF CHICAGO, 

CHICAGO, ILL. 

It is apparent that until more is known of the multiple mech- 
anisms which prevent and arrest bleeding there will be no rational 
explanation for the many forms of abnormal hemorrhage. How- 
ever, it is generally conceded that it is reasonable to expect pro- 
longed bleeding times in patients displaying: 1, prolonged coagula- 
tion times in shed blood; 2, thrombocytopenia; 3, prothrombino- 
penia or fibrinogenopenia; 4, inflammatory, allergic, or metabolic 
disease affecting the integrity of vessels; and 5, leukemias and 
similar diseases which profoundly alter the constituents of the cir- 
culating blood. There remains a group of cases in which the pro- 
longed bleeding time cannot be explained by exploration of all fac- 
tors known to be concerned in hemorrhage. The majority of the 
recorded cases of prolonged bleeding time of unknown cause has 
not been fully investigated in the light of our more recently acquired 
knowledge of the pathology of coagulation. This paper discusses a 
possible mechanism for the prolonged bleeding time in 3 patients 
with abnormal hemorrhage of unknown etiology. 

Case Reports. Case 1 . — Hemorrhagic Diathesis , Acquired, Came Un- 
known. J. D. K., aged 27, male, mechanical engineer, was admitted to 
the University of Chicago Clinics September 14, 1940. 

History: Abnormal bleeding commenced in 1935 at the age of 22 and 
has persisted ever since. Minor traumata contracted at games result in 
large subcutaneous effusions, and consequently much of the habitual ath- 
letic exercise has been abandoned. At the same time spontaneous epistaxis 
appeared, and at times has been more or less continuous. In 1937 gum 
hemorrhages due to gingival trauma became considerable and have con- 
tinued intermittently. 

Previous health: Scarlet fever, measles, whooping cough, and chicken- 
pox before the age of 10; pneumonia at 7; tonsillectomy at 8 without 
excessive hemorrhage. Patient has always led the life of a healthy male. 

Social: From 1932 to 1936 the patient, working his way through school, 
consumed a restricted dietary due to financial stringencies. In 1936 he 
weighed 135 pounds. He had increased to the present weight of 165 pounds 
by 1938. The present dietary is satisfactory and includes a plenteous fruit 
and vegetable intake. 

Family: . There is no family history of abnormal hemorrhage. 

Four siblings are alive and well; 2 died at birth of unknown cause. 

Physical findings: Patient is robust, the only abnormal physical findings 
are limited to evidences of old and new hemorrhages. 

* Aided by a grant, from the Douglas Smith Foundation for Medical Research 
of the University of Chicago. 
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Laboratory findings; Red blood cells, 4,830,000; white blood cells, 5300; 
hemoglobin, 16 gm. per 100 cc.; reticulocytes, 0.4%; polymorphonuclears, 
70%; large lymphocytes, 3%; small lymphocytes, 15%; monocytes, 9%; 
eosinophils, 3%. 

Bleeding Time: Repeatedly more than 30 minutes (Duke’s method). 

Coagulation Time (Wright’s capillary tubes) : Three minutes; 3 minutes 
and 25 seconds; 2 minutes and 55 seconds. (Howells’ paraffin-coated test 
tube method): (1) patient, 20 minutes; control, 22 minutes and 50 seconds. 
(2) Patient, 18 minutes; control, 19 minutes and 50 seconds. 

Platelet Counts (direct citrate technique of Todd and Sanford) : Counts 
at various times ranged from 150,000 to 233,000 (normal). 

Clot Retraction: Normal in time and completeness as compared with 
normal control. 

Blood Fibrinogen: 0.31 gm. per 100 cc.; 0.30 gm. per 100 cc. 

Fasting Blood Ascorbic Add: 0.9 mg. per 100 cc. (normal). 

Blood Calcium: 9.6 gm. per 100 cc. ; 9.4 gm. per 100 cc. 

Blood Prothrombin (dilution method of Allen, Julian, and Dragstedt 1 ): 
Repeatedly 100% of normal. 

Capillary Fragility (quantitative, by suction method): Much in excess 
of normal. Not influenced by therapeutic vitamin K, ascorbic acid, 
“citrin,” or nicotinic acid. 

Hepatic function tests, blood protein levels, Wassermann reaction, Kahn 
reaction, blood phosphatase, urinalysis, and sternal puncture findings were 
all within normal limits. 

Discussion of Case 1 . It is observed that with the exception 
of the prolonged bleeding time and the excessive capillary fragility 
all findings were within normal limits. There is no evidence to 
exclude the possible contribution of a vascular factor to the abnor- 
mal hemorrhage in this case. There is no evidence which evaluates 
the relationship of the excessive capillary fragility with the abnor- 
mal properties of the patient’s dotting mechanism as described 
below. This situation is similar to that in thrombocytopenic 
purpura. 

Case 2. —Hemorrhagic Diathesis, Probably Congenital, Cause Unknown. 
R. R., aged 30, female, housewife, was admitted to the University of Chicago 
Clinics February 15, 1940. 

History: As a very young child the patient was known to bleed exces- 
sively from minor wounds, and also to bruise easily so that there was a 
family interdictment against spanking. Menstruation commenced at 16 
years and has been extremely irregular from the first, and usually' marked 
by a very heavy loss persisting up to 14 days. At the age of 21 years 
spontaneous epistaxes commenced and have increased in frequency. At 
25 years, following an extraction, a tooth socket bled for 3 days. A small 
pericorneal hemorrhage occurred in the left eye at 28 years. Spontaneous 
subcutaneous hemorrhages have been increasingly frequent in the lower 
limbs during the past 2 years. More recently' there have been symptoms 
and signs of increasing anemia. . . 

Diet: Alway's satisfactory' and includes plenteous fresh fruits and 
vegetables. 

Family: There is no family history of abnormal hemorrhage. 

Mother, father, and 5 sisters alive and well. . 

Physical findings: The patient is a small fragile individual who lias 
recently become obese. The skull is large and boxlike with frontal »o«es 
as in rickets (there are no signs of old rickets). The limbs show numerous 
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subcutaneous hemorrhages in every stage of resorption, and there is con- 
siderable pigmentation of the shins due to old hemorrhages. Signs of anemia 
are moderate edema of the ankles, pallor, tachycardia with signs of cardiac 
dilatation, and moderate dyspnea without exertion. Lungs, abdominal 
organs, and central nervous system are normal, as are also the genitalia. 

Progress: This patient has been followed for a year, and displayed 
varying grades of hypochromic anemia dependent on the degree of menor- 
rhagia. Hysterectomy or sterilization was refused. The essential bleeding 
phenomena have remained unchanged and uninfluenced by oral and intra- 
venous ascorbic acid, testosterone, Roentgen rays to the spleen, and intra- 
venous oxalic acid. 

Laboratory findings: Red blood cells (on admission), 1,290,000; white 
blood cells, 7700; hemoglobin, 2 gm. per 100 cc.; polymorphonuclears, 81%; 
large lymphocytes, 1%; small lymphocytes, 17%; eosinophils, 1%. 

Bleeding Time (Duke’s method) : Repeatedly more than 30 minutes and 
has remained at this level throughout the year. 

Coagulation Time (Wright’s capillary tubes): 3 minutes, 20 seconds; 
2 minutes, 5 seconds; 2 minutes, 55 seconds. (Howell’s paraffin-coated 
test tube method): patient, 17 minutes; control, 22 minutes, 25 seconds. 

Platelet Counts (direct citrate technique of Todd and Sanford) : 120,000 
to 250,000. 

Clot Retraction: Normal in time and completeness by comparison with 
normal control. 

Blood Fibrinogen: 0.24 (on admission); 0.36 gm. per 100 cc.; 0.35 gm. 
per 100 cc. 

Blood Calcium: 8.8 mg. per 100 cc. (on admission) ; 9.6 mg. per 100 cc. 

Blood Ascorbic Acid: Not studied. Oral and intravenous ascorbic acid 
did not affect syndrome. 

Blood Prothrombin (technique, of Allen, Julian, and Dragstedt 1 ): On 
admission, 37% of normal. Subsequent to administration of 2 mg. daily 
of 2-methyl-l, 4-naphthoquinone the prothrombin level returned to 100% 
of normal and has remained thereat throughout the year. 

Capillary Fragility: Rumpel-Leede tests invariably strongly positive. 

Non-protein nitrogen, urinalysis, Wassermann and Kahn reactions and 
serum protein levels were normal. 

Discussion of Case 2. If the abnormal bleeding tendency in 
this patient is not congenital, it was acquired at a very early age. 
At the time of first admission menorrhagic blood losses had condi- 
tioned a severe hypochromic anemia. Hypoprothrombinemia, dis- 
covered at first admission, responded well to therapy and has not 
recurred, but remains unexplained unless on the basis of the chronic 
blood loss. It did not apparently cause the hemorrhagic syndrome. 
The increased capillary fragility observed bears the same relation- 
ship to the consideration of the cause of the abnormal bleeding as 
that in the first case. 

Case 3. — Hemorrhagic Diathesis, Congenital, Familial, Cause Unknown. 
L. T., an 18-year-old schoolgirl, was admitted to the University of Chicago 
Clinics, March 11, 1930, and first studied by us in 1940, aged 28. 

History : This patient has suffered subcutaneous hemorrhages over the 
body all her life. She first bled profusely at the age of 11 years after opera- 
tion for tuberculous osteomyelitis of the left lower limb, and was then 
transfused several times. Menstruation, established at 15 years, was regu- 
lar but profuse and lasted 7 to 10 days. Early tooth extractions had led 
to severe hemorrhages and the patient came to hospital for further dental 



658 


CARPENTER, ALLEN: 


extractions on account of severe caries (1930). At this time the bleeding 
time was greatly prolonged, and the clotting time gave figures interpretable 
as slightly prolonged (in years subsequent to 1930 the clotting time by 
the Wright’s tubes technique has invariably been within normal limits). 
The platelet count was then between 150,000 and 175,000 (direct citrate 
technique). At this hospitalization (1930) dental extractions were followed 
by hemorrhage and multiple transfusions. At the age of 21 a Cesarean 
section was shortly followed by hysterectomy and right oophorectomy, 
many transfusions being necessary. At 26 years the patient was again 
hospitalized (1938) for dental extractions, again with troublesome hemor- 
rhage. At 27 (1939) multiple transfusions were given for hypochromic 
anemia of unknown cause (possibly in part nutritional owing to a bad 
financial situation at this time; a marked ascorbic acid unsaturation was 
demonstrated, but the administration of ascorbic acid did not in any r way 
affect the syndrome). 

Family: Paternal grandfather, paternal uncle, and one brother have 
died of hemorrhage; father and one sister are known as bleeders. Son 
(aged 7 years) does not bleed abnormally. 

Physical examination: The patient is of markedly asthenic habitus. 
Physical examination reveals the scars of operations, but is otherwise 
negative. 

Laboratory findings: Red blood cells— throughout the past 10 years 
there have been varying degrees of hypochromic anemia usually' conditioned 
by the immediate bleeding episode; white blood cells, altered only by r 
immediate episodes. 

Bleeding Time (Duke’s method) : Constantly' over 30 minutes. 

Coagulation Time: Except for dubious figures in 1930, always within 
normal limits (Wright’s tubes); Howell’s paraffin-coated test tube method 
(1940): patient, 20 minutes 25 seconds; control, 20 minutes 0 seconds. 

Platelet Counts, 1940 (direct citrate technique) : 210,000 to 235,000. 

Clot Retraction, 1940: Normal by comparison with normal control. 

Blood Fibrinogen: 0.17 gm. per 100 cc.; 0.27 gm. per 100 cc. 

Blood Calcium: 9.3 mg. per 100 cc.; 9.4 mg. per 100 cc. 

Blood Ascorbic Add: Patient was found defective in ascorbic saturation 
in 1939, but oral and intravenous ascorbic acid did not affect the bleeding 
time. 

Prothrombin Time: 100% of normal (dilution technique). 

Capillary Fragility: Moderately increased by suction technique. 
Rumpel-Leede test gives moderate number of petechia;. 

Discussion of Case 3. The family history displays three gen- 
erations of hemorrhagic disease which has included both sexes. This 
case must therefore be assigned to the group of so-called “atypical 
familial hemorrhagic syndromes” (Geiger and Evans 3 ) or “heredi- 
tary pseudo-hemophilias” (Fowler-). Some of these familial syn- 
dromes resemble thrombocytopenia, while others simulate hemo- 
philia in that coagulation time is prolonged. But most commonly 
bleeding time is prolonged with normal coagulation time (v. Glanz- 
mann’s syndrome, v. Willebrandt’s syndrome, etc.), and it is 
apparently to this group that our patient belongs. It is not desir- 
able here' to discuss these syndromes at any length. Reference 
should be made to the papers of Fowler, 5 and of Geiger and Evans. 3 
Again, it is pointed out here that we have no evidence to exclude 
the participation of a vascular factor in the causation of the abnor- 
mal hemorrhage. 
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The Thromboplastin Dihition Curve. Technique: The patient’s 
and the control’s blood were withdrawn at the same time into 
one-seventh volume of 1.85% potassium oxalate in paraffined con- 
tainers, and both samples centrifuged approximately 1 hour at 
2000 revolutions per minute at room temperature. The super- 
natant plasma was pipetted into small, uncoated tubes at room 
temperature and coagulation observations made as soon as possible. 
Although delay up to 12 hours between the separation of the plasmas 
and the observation of their coagulation properties lengthened the coag- 
ulation times of both patient’s and control’s plasmas, it did not affect 
the peculiar relationship as to time and clot characteristics reported 
beloiv. 

Thromboplastin dilution curves were obtained by timing the 
coagulation of patient and control essentially as in the prothrombin 
time technique* (Allen, Julian and Dragstedt 1 ), but employing pro- 
gressive dilutions of the stock beef lung thromboplastin. 

The necessity of handling control and patient’s bloods simulta- 
neously and in identical fashion is emphasized. 

Table. 1.— Time of Clot Formation in Minutes. 


Case 1. Case 2. Case 3. 


Thromboplastin 

Dilutions, 

/ *■ 

Patient. 

Control. 

A. 

Patient. 

Control. 

Patient. 

Control. 

1-4 .. . 

. 0.70 

0.67 

0.57 

0.59 

0.62 

0.64 

1-10 . . 

. 0.90 

0.94 

0.82 

0.88 

0.79 

0.84 

1-64 . . 

1.44 

1.38 

1.25 

1.20 

1.23 

1.42 

1-256 . . 

. 2.44 

2.28 

2.22 

1.S8 

2.01 

2 07 

1-1024 . . 

. 4.20 

3 . 51 f 

4.70* 

2.70 

3.70 

3.32 

1-4096 . 

. 10.60* 

5.92 

5.80* 

3.57 

4.90* 

4.20 

1-16,384 '. 

. 8.60* 

5.55 


• • « 

5.70* 

5.90 

1-infinity . 

. 12.33* 

0.95 

11.40* 

6 18 

7.45* 

6.20 


Discussion. The table presented is taken as representative of at 
least 4 observations in each case at different times. In all 3 the 
quantitative difference in clot size and retractability (see photo- 
graphs) were constantly present at high thromboplastin dilutions. 
In Case 1 the time' difference of clot appearance at high dilutions 
was constantly in excess of that of the controls. In Case 2 the time 
difference was never as marked, and was indeed not constantly 
present to a degree regarded as significant; but nevertheless at high 
dilutions of thromboplastin the time of clot appearance was always 
in excess of that of controls. In Case 3 at no time was there a 
significant difference in the time of clot appearance. However, in 
all 3 cases the quantitative difference in clot size and retractability 
was striking: At high thromboplastin dilutions, and also in the 
tubes to which no extra thromboplastin was added, the controls 

* To 0.35 cc. plasma is added 0.30 cc. of the given thromboplastin dilution in 
saline, and time is reckoned from the moment of recalcifieation with 0.30 cc. of 0.5% 
calcium chloride in saline to the moment of formation of the fibrin network. 

t Clots formed at these dilutions showed quantitative and qualitative •differences 
from the controls as described. 
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(J. G. A. or G. C.) displayed invariably clots of large size which 
formed completely in the sense that there was no further subsequent 
demonstrable deposit of fibrin. Such clots underwent only moder- 
ate contraction. By contrast, at these dilutions, the patient’s clots 



Fig. 1. — Photographs show the clots resulting on the addition of 0.3 cc. of 0.5% 
calcium chloride and 0.3 cc. of diluted thromboplastin to 0.35 cc. of oxalated plasma. 
In each ease the control is on the left and patient’s plasma on the right. 

Cose 1: Thromboplastin diluted to 1 1024. 

Case 2; Thromboplastin diluted to 1-409G. 

Case 3: No added thromboplastin, samples brought up to volume with saline. 

consisted of tenuous threads which very rapidly contracted into a 
small firm mass of fibrin, and some time thereafter the remaining 
fluid formed a transparent, non-retractile gel. We would have no 
confidence in these differences were they not constant and striking. 
The thromboplastin dilution curve here is the function of two 
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factors: the natural thromboplastin resulting from the breakdown 
of the cellular elements accompanying the withdrawal and handling 
of the blood samples, and the thromboplastin contained in the 
added lung extract. The clotting time of plasma containing an 
infinitely small amount of added thromboplastin is, of course, repre- 
sentative of the recalcified plasma time, whereas the clotting time 
recorded in tubes with considerable excess of thromboplastin is 
essentially prothrombin time. The dilution curve then is simply 
the gradient record encountered in the transition from the pro- 
thrombin time to the clotting time of recalcified plasma. 

The mechanism responsible for the differences of coagulation 
observed by this technique might be explained on one of three 
considerations: (1) an Inhibitor contained in the patient’s plasma 
might exert its influence on coagulation only when the thrombo- 
plastin activity is weak. (2) There might exist in the patient an 
abnormal relationship between fibrinogen and thromboplastin, made 
manifest only when the latter is very dilute. (3) The differences in 
the plasma responses might depend on the different concentrations 
of natural thromboplastin contained in the samples. We have been 
unable to adduce any evidence which points to the unqualified 
acceptance of any of these three possibilities, and in fact there is 
none to support the first two. In view of the normal prothrombin 
time, the normal coagulation time, and the disappearance of these 
clot differences when the samples are coarsely handled in wettable 
surfaces it would appear to be most logical to believe that the vari- 
ations depend on the different concentrations of natural thrombo- 
plastin in patient’s and control’s samples. 

Moreover, it appears significant to us that at some point along 
the thromboplastin dilution curve the thromboplastin concentration 
must approach that present in the wound produced in the obser- 
vation of bleeding time. It is possible that the observed clot dif- 
ferences at high dilutions of thromboplastin in vitro may offer an 
explanation of the prolonged bleeding time characteristic of these 
patients. 

It has long been recognized that the thromboplastic substances 
liberated by shed blood are in considerable excess of that required 
for normal coagulation. It is to be expected, then, that in vitro 
coagulation of whole blood (coagulation time) will not demonstrate 
differences in clotting time when only a minor thromboplastin defi- 
ciency exists. Such variances from normal may only become mani- 
fest when the available thromboplastin is reduced below a critical 
level, such as in “cell free” plasma handled in unwettable surfaces. 
Likewise, the amount of additional thromboplastin necessary to 
restore the coagulation of the abnormal to that of the control is a 
measure of the deficit of natural thromboplastin in the test plasma. 

These observations tend to reemphasize the importance of the 
study of the coagulation properties of recalcified plasma in the 
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investigation of hemorrhagic disease. It is to be noted, however, 
that we have observed a fourth case with prolonged bleeding time 
of unknown cause with history and findings identical with Case 1 
(except that capillary fragility appears normal) in which no coagu- 
lation differences could be demonstrated by these techniques. It is 
possible that the demonstrated differences in the plasma of the. 
3 cases reported may contribute to the bleeding tendency. It is 
not known to what extent the demonstrated increase in capillary 
fragility may also condition the syndrome.* 

Summary. 1. Three cases of chronic idiopathic hemorrhagic dis- 
ease with prolonged bleeding time have been studied. 

2. In each there has been demonstrated differences in the nature 
of the clots produced in viiro when recalcified plasma is "allowed to 
coagulate. 

3. The thromboplastin dilution curve points to deficiency in the 
natural thromboplastin content of the plasma as the source of these 
differences. 

4. Such differences may contribute to the hemorrhagic tendency. 
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IDIOPATHIC HYPOPROTHROMBINEMIA— AN APPARENTLY 
UNRECORDED CONDITION. 

By Jonathan E. Rhoads, AM., M.D., D.Sc.(Med.), 

ASSOCIATE IK SURGERY AND SURGICAL RESEARCH, 

AND 

Thomas Fitz-Hugh, Jr., A.M., M.D., 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE, 

PHILADELPHIA, PA. 

(From the Harrison Department of Surgical Research and the Department of 
Medicine, University of Pennsylvania.) 

The unexpected finding of a prothrombin deficiency in a supposed 
hemophiliac led to a more detailed study of the defects of this 
patient’s blood coagulability. The findings made it impossible to 
classify the case with any blood dyscrasia known to us. 

Since the development of methods for determining plasma pro- 
thrombin by Quick, 50 by Warner, Brinkhous and Smith, 12 and by 
Dam and Glavind 2 and Schonheyder, 8 there has been general agree- 

* It is, moreover, to be pointed out that in the absence of an acceptable method 
of quantitative comparison of tissue thromboplastins it is not possible to present 
evidence which excludes variations in the tissue factor as contributory to the hemor- 
rhagic syndrome. Inasmuch as our results were obtained on plasmas from large 
samples of blood removed by venipuncture, extravascular thromboplastic substances 
are not concerned with the coagulation differences demonstrated in thi« paper. 
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meat that there is no deficiency of prothrombin in hemophilia. 
This has been confirmed in our own laboratory also. 

In the case of the patient to be reported, however, a marked 
prolongation of the prothrombin time was found shortly after the 
laboratory began to employ the Quick 66 test in 1938. The patient 
was then a 16-year-old boy who had been studied from the age of 
6 during 15 previous admissions on the Pediatric and Medical Ser- 
vices of the Hospital of the University of Pennsylvania. The 
diagnosis had always been hemophilia. 

Because of the hypoprothrombinemia it was necessary to abandon 
the diagnosis of hemophilia and that of idiopathic hypoprothrom- 
binemia was substituted. In view of the early onset of symptoms, 
the condition may well have been congenital. The family history 
was negative and the plasma prothrombin concentration of the 
mother and brother whom we were able to test were normal. It 
was. therefore, impossible to classify the condition as familial. The 
case differed from the typical case of hemophilia in one other regard, 
namely that clot retraction was poor. The case history and the 
results of various laboratory studies are given in detail below. 

Case History. E. W. (Med. rec., 35-21280), a white male, of Irish stock, 
born February 12, 1923, was first admitted to the University Hospital on No- 
vember 9, 1929, on account of a tendency toward uncontrollable bleeding 
from wounds and development of large hematomas following contusions. At 
the time of admission he had a hematoma on the forehead which had been 
present for 6 weeks. His mother stated that the first such swelling occurred at 
the right knee at the age of 9 months. No aspiration was done but in view 
of his subsequent history it seems likely that this was a hemarthrosis. 
However, prior to his admission to the hospital he had been under the care 
of Dr. I. Kaplan, of Philadelphia, who reported that a cervical abscess had 
been drained without postoperative hemorrhage, but that on two other 
occasions incisions had resulted in serious bleeding, lasting 2 to 3 days and 
requiring transfusion to combat a decline in hemoglobin to 30%. Inquiry 
into the family history at the time of this first admission was negative for 
any abnormal hemorrhagic tendency. The patient’s father was 40 j r ears 
old, his mother 30 at the time of his birth, one aunt had died of tuberculosis 
12 years previously and one uncle had had inflammatory rheumatism in 
1927. 

Past Medical History. The patient had been a full-term, 8-pound baby, 
delivered spontaneously; he appeared entirely normal as an infant. He 
was breast fed for 4 months and then given a formula until the age of 
19 months. His early development was normal. He had pertussis at the 
age of 3 and measles at the age of 4. 

Course in the Hospital. Study on the Pediatric Ward revealed a venous 
coagulation time of 41 minutes and a diagnosis of hemophilia was made. 

Allergy to sheep serum was induced but the coagulation time remained 
41 minutes when next determined. A blood transfusion of 265 cc. was 
given December 12, 1929; 6 days later the coagulation time was again found 
to be 41 minutes. The hematoma was absorbed and the patient discharged 
December 23, 1929. 

Second Admission. December 2 to December 14, 1930. At this time 
he was treated for a hematoma in the region of the right ankle which came 
on following a blow. Blood was aspirated from the hematoma and was 
sterile on culture. 
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Third Admission . January 19 to January 25, 1931. For hemorrhage 
from the socket of a loose incisor, he received blood intramuscularly and 
also a transfusion, but the hemorrhage continued. It was finally controlled 
vath. silver nitrate stick, adrenalin and compression applied locally. 

Fourth Admission. August 5 to October 25, 1931. A secondary hemor- 
rhage from a laceration of the foot had been sustained 2 -weeks before. 
At this admission he w as treated with theelin but the coagulation time 
following this treatment was 50 minutes. An injection of liver extract for 
parenteral administration (Lederle) also failed to improve it. 

Fifth Admission February 24 to March 23, 1932. For a hemarthrosis 
of the left hip he was given Armour’s ovarian extract without definite im- 
provement m blood coagulability. 



Fig 1 — Lner of E AY obtained at autopsy (X 170) The In er columns show 
considerable atrophy m many places There is some slight cell \ acuohzation and 
the sinusoids are unusually large. 


Sixth Admission August 5 to August 10, 1932. For hemorrhage from 
gums, which started 5 days before, a thromboplastin preparation was 
applied locally without success On August 8, 17 cc of the patient’s blood 
was drawn and injected into the buttocks. The bleeding stopped within 
24 hours Unfortunately, the coagulation time was not determined. 

Seventh Admission. May 27 to June 13, 1933. The patient was ad- 
mitted on a precautionaiy basis for extraction of carious teeth. Tin'- 
procedure was carried out successfully after a 300 cc. blood transfusion. 
He was given 20 cc of his own blood 'intramuscularly with the result that 
the puncture wound in the buttocks bled for several days 
Eighth Admission February 11 to February 26, 1934. For bleeding 
from cut on lip, a compress soaked with his mother’s blood faijed to Aop 
the hemorrhage. Anterior pituitary- hormone (1 cc.) w as given intra- 
m u=cularlv; adrenalin was applied locally. Compresses of raw beef were 
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applied. Finally, 100 cc. of blood from a woman in the maternity depart- 
ment who was about to deliver a baby was administered. The oozing 
ceased about 1 hour afterwards. 

Ninth Admission. July 23 to July 27, 1934. Bleeding from a cut on 
hand, which had persisted for 2 days, was stopped apparently by local 
measures; no new procedures were employed. 

Tenth Admission. November 26 to November 28, 1934. This admission 
was also arranged for extraction of a tooth. The extraction was success- 
fully accomplished after a 320 cc. transfusion from his mother. Glucose 
(50%) was applied on a compress. 

Eleventh Admission. November 5 to November 23, 1935. Hemarthrosis 
of right elbow had occurred without history of trauma. During this admis- 
sion intradermal horse serum was employed and a marked local reaction 
was produced but no improvement in the clotting time resulted. On 
November 20 he was given 10 cc. of Congo red intravenously. This also 
was without effect. Roentgen ray examination of the joints did not show 
bone changes. 

Twelfth Admission. December 16 to December 24, 1935. This admission 
was arranged for observation and for a trial of placental extract. After 
500 cc. was given by mouth, the coagulation time declined to 30 minutes. 

Thirteenth Admission. February 3 to February 20, 1936. Hematoma 
of right thigh. The placental extract was given further trial but failed to 
produce any improvement. 

Fourteenth Admission. March 9 to June 21, 1936. Swelling of right 
knee and left shoulder. During this admission he received crystalline 
vitamin C, 200 mg. per day for 1 week. This did not decrease the coagula- 
tion time. An electrocardiogram at this admission showed left axis devia- 
tion. Kahn and Kolmer tests for syphilis were negative. On June 17 
and June 18 he was given a total of 180 r units of Roentgen ray over the 
spleen, kidneys and liver. 

Fifteenth Admission. December 30, 1936, to January 4, 1937. Bleeding 
from mouth had been started by eating hard candy. It stopped sponta- 
neously. His hemoglobin was 58%, so apparently he did not bleed a very 
large amount. 

Sixteenth Admission. July 9 to August 6, 1937. Hemarthrosis of right 
knee following a fall. He received three 250 cc. transfusions of his mother's 
blood. 

Seventeenth Admissmi. March 14 to June 3, 1938. Pain in thighs and 
bleeding from teeth. March 20, a tourniquet test was negative. During 
this admission a prothrombin determination was done for the first time. 
The prothrombin time ranged from 70 to 120 seconds, as compared with 
20 to 24 seconds for the normal controls. Vitamin K was administered in 
the form of Cerophyl and the coagulation time dropped to 15 minutes at 
one determination, but soon returned to 90 minutes and did not drop to 
low levels again. The prothrombin time remained prolonged. The serum 
calcium during this admission was 9.8 mg. per 100 cc. The indirect 
Van den Bergh reaction gave a reading of 0.2 unit. 

Eighteenth Adtnission. July 6 to August 3, 1938. Hemarthrosis left 
shoulder, which developed after rowing a boat. During this admission 
Dr. G. Ham made a preparation of human globulin according to directions 
received from Dr. L. Taylor (Thorndike Memorial Laboratory, Boston). 
The material corrected the coagulation time of the patient's blood in vitro 
but not in vivo. 

Nineteenth Admission. October 11 to October 24, 1938. Bleeding from 
tooth socket for 61 days. During this admission more of the specific 
globulin was administered. This caused a drop in the coagulation time to 
20 minutes, but also caused rather a severe reaction with a chill and fever. 
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Twentieth Admission. December 7 to December 15, 1938. Bleeding 
from the mouth, which was controlled by the local application of thrombo- 
plastin. During this admission his clotting time was found to be 5 hours. 

Twenty-first Admission. April 14 to April 20, 1939. Bloody urine, 
which subsided without specific treatment. 

Twenty-second Admission. March 16 to March 30, 1940. The patient 
was admitted for study. The plasma fibrinogen concentration was found 
to be normal and a test for the presence of antithrombin was negative. 
A tourniquet test was positive (25 petechia) . Studies of liver function 
(Dr. T. Machella) : Van den Bergh plus or minus 0.2 unit, bromsulphthalein 
retention at 5 minutes 45%, at 30 minutes 0. Urine: urobilin 0, bilirubin 
0, bile salts 0, hippuric acid conjugation 0.75 gm. per hour (normal 0.7 
to 0.9). Glucose tolerance: fasting blood sugar 70 mg. per 100 cc.; \ hour 
107 mg. per 100 cc.; 1 hour 122 mg. per 100 cc.; 2 hours 93 mg. per 100 cc. 
Cholesterol 164 mg. per 100 cc.; cholesterol esters 108 mg. per 100 cc. 
Ratio of esterified cholesterol to total cholesterol 66%. Urea clearance 
135% of the average normal. The patient was given 9 mg. of 2-methyl, 
4-amino, 1-naphthol hydrochloride by continuous venoelysis without affect- 
ing the prothrombin time. 

Twenty-third Admission. August 28 to October 16, 1940. Hemarthrosis 
of left hip. On August 29 he had bleeding from the mouth and received a 
transfusion and Koagamin (extract of the Shepherd’s purse). During this 
admission an adductor palsy developed with sensory changes referable to 
the second, third and fourth lumbar roots. 

Twenty-fourth Admission. October 21 to November 2, 1940. Hema- 
toma of left elbow. 

Twenty-fifth Admission. November 9 to November 25, 1940. Recurrent 
hemarthrosis left elbow and hematuria. During this admission he received 
5 cc. of Koagamin intravenously. Coagulation time before this medication 
was over 90 minutes; 20 minutes later it was still over 90 minutes and at 
the end of 2 hours it remained over 90 minutes. He received nicotinic acid 
during this admission. 

Twenty-sixth Admission. December 3 to December 14, 1940. _ Hem- 
arthrosis of the right elbow. On December 13 the patient complained of 
headache and it was noted that his neck was stiff. At 1 a.m. on Decem- 
ber 15 he fell out of bed, became stuporous shortly afterward and died at 
3.05 a.m. 

Autopsy. Age 18, weight 42 kg. Heart, normal; lungs, passive conges- 
tion, edema and hemorrhage. Spleen, normal. Pancreas, normal. Liver, 
liver columns show considerable atrophy. There is some cell vacuolization 
and the sinusoids are unusually large. Adrenals, pericapsular hemorrhage. 
Kidney, submucosal hemorrhage in pelves, passive congestion. Bladder, 
submucosal and subserosal hemorrhage. Ileum, serosal hemorrhage, 
granulomatous tissue in submucosal layer. Brain, organizing subdural 
hematoma and a recent hemorrhage in the region of the left basal ganglia. 
This hemorrhage was thought to be the immediate cause of death. 

Hematologic Studies. The studies of the coagulability of the 
patient’s blood are summarized in the accompanying tables. The 
bleeding time was sometimes prolonged and sometime!; within 
normal limits. The venous coagulation time by the Lee-White 
method was always prolonged, except on two occasions and because 
it was not checked at these times it is doubtful if they are significant. 
The clot retraction was regarded as normal at two of the earlier 
examinations, August 6, 1931 and March 14, 1932. It was retarded 
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February 16, 1934, and was noted as poor October 18, 1938 and 
March 18, 1940. The platelet count was usually normal and was 
never low enough to account for the hemorrhagic diathesis. The 
serum calcium concentration was determined twice, on May 2, 
1938, it was 9.8 mg. per 100 cc.; on March 18, 1940, it was 10 mg. 


Table 1.— Bleeding Time (Duke Method). 


Dates, 

Times 

(min.). 

11/ 9/29 

2 

12/ 4/30 

2 

8/ 6/31 

20 

2/25/32 

25 

5/27/32 

22 

2/16/34 

1 

7/23/34 

4 


Dates 

Times 
(min ). 

11/18/35 

n 

2/10/36 

1 

6/21/36 

2 

3/18/40 

1J 

8/28/40 

9 

11/11/40 

6 

12/ 4/40 

10 


Table 2.— Venous Coagulation Time (Lee, White Method). 



Times 


Times 

Dates. 

(mm.). 

Dates. 

(mm.). 

11/ 9/29 

41 

10/25/34 

70 

12/ 4/30 

46 

11/22/34 

90 

10/30/31 

65 

11/18/35 

90 

8/ 6/31 

43 

2/10/36 

120 

3/14/32 

27 

6/21/36 

48 

5/27/33 

15 

9/28/38 

45 

2/16/34 

58 

10/18/38 

200 

7/23/34 

30 

3/18/40 

75 

8/10/34 

38 

8/28/40 

105 

8/24/34 

8 

10/21/40 

360 

9/12/34 

57 

11/11/40 

35 

10/ 7/34 

75 

12/ 5/40 

45 


Table 3.— Platelet Counts. 



Thousands 


Thousands 

Dates. 

per c.mm 

Dates. 

per c mm 

11/ 9/29 

276 

5/29/33 

350 

11/12/29 

302 

2/26/34 

3S4 

12/ 4/30 

288 

5/21/36 

281 

1/24/31 

140 

2/25/3S 

230 

10/ 7/31 

345 

3/18/40 

326 

2/25/32 

416 

8/29/40 

14S 


T\ble 4.— Prothrombin Time. 



Times 


Times 

Dates. 

(see). 

Dates. 

(sec ). 

3/30/38 

90 

11/ 6/39 

100 

4/ 3/38 

90 

5/15/40 

93 

4/ 7/38 

85 

9/12/40 

107 

4/ 9/38 

70 


per 100 cc. 

The prothrombin time by the Quick method was uni' 


formly prolonged (Table 4). The fibrinogen concentration, "March 
26, 1940, was 315 mg. per 100 cc. The following test was performed 
for antithrombin: The patient’s plasma was mixed with the plasma 
of a normal patient in equal parts. The prothrombin time of the 
plasma of the normal patient was 23 seconds. The prothrombin time 
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of the mixture was 27 seconds. This is the usual prolongation 
obtained by diluting normal plasma with prothrombin-free fluid 
and was not thought to indicate that the plasma of E. W. had any 
excess of antithrombin or antiprothrombin. 

A solution of protamine (Salmine) was added to the patient’s 
plasma to see if an excess of heparin was causing the delayed clot- 
ting. This was without effect, a finding which agrees with the 
results of the test for antithrombin referred to above. 

In order to exclude the possibility that the prolonged prothrombin 
time was due to a delay in the conversion of prothrombin to throm- 
bin, the following test was carried out: Fresh normal serum was 
added to the patient’s plasma to convert the fibrinogen to fibrin. 
This fibrin was then removed and the patient’s plasma recalcified, 
after the addition of thromboplastin. In 60 seconds a solution of 
fibrinogen was added and a clot formed 48 seconds later. The 
dilution of the patient’s plasma was only 2 to I. This determina- 
tion, carried out along the lines recommended by Smith, Warner 
and Brinkhous 12 tended to confirm the fact that the prothrombin 
content was quantitatively low and not merely at fault qualita- 
tively. When the same procedure was repeated using a 2-minute 
incubation period before the addition of fibrinogen, a clot formed 
at the end of 110 seconds, indicating that the thrombin which had 
been added previously had not completely removed the fibrinogen 
in the original sample of plasma. This is of interest because it had 
been noted in the course of the fibrinogen determinations that it 
seemed to take a long time to get all of the fibrinogen converted to 
fibrin. Accordingly it seemed worthwhile to test the influence of 
the addition of fibrinogen preparations from normal blood and of 
prothrombin-free plasma, prepared from normal blood with the aid 
of colloidal aluminum hydroxide. On November 6, 1939, the addi- 
tion of a fibrinogen solution reduced the prothrombin time from 
100 to 80 seconds. In May, 1940, the addition of fibrinogen solu- 
tion reduced the prothrombin time from 93 to 49 seconds. This 
fibrinogen solution was tested for the presence of prothrombin by 
the Quick test and there was no clot formation at the end of 600 sec- 
onds. A prothrombin-free plasma was prepared by shaking 10 parts 
of normal plasma with 1 part of colloidal aluminum hydroxide for 
5 minutes. The aluminum was separated by centrifugation at high 
speed and the resulting plasma was free of prothrombin by the 
Quick test, 54 no clot formation being observed at the end of 600 sec- 
onds. A mixture of equal parts of this plasma with the plasma of 
E. W. gave a prothrombin time of 41 seconds, as compared with 
93 seconds for E. W.’s plasma undiluted, and as compared with 
49 seconds for a mixture of equal parts of E. W.’s plasma and 
fibrinogen solution. These figures compare with the normal pro- 
thrombin time of 23 seconds. It would seem, therefore, that the 
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coagulation defect in this case was due partially to a peculiarity 
or qualitative defect, in the fibrinogen. This was further borne out 
by the observation that the addition of fresh normal serum to the 
plasma of E. W. produced a sediment in 30 seconds but no firm 
clot for 2 minutes. A prothrombin time of 93 seconds, as com- 
pared with the normal 23 seconds, would indicate a plasma pro- 
thrombin concentration in the neighborhood of 10%. Dilution of 
the patient’s plasma with equal parts of saline, however, only pro- 
longed the prothrombin time from 93 to 126 seconds, which would 
suggest that the actual prothrombin content was not quite this low. 

Discussion. Over ten methods are now available for the produc- 
tion of hypoprothrombinemia in various species. 7 There are, how- 
ever, only five mechanisms by which these methods work. The 
first is simple K-avjtaminosis, as employed in the chick by Dam, 
Almquist and others. The second is a conditioned deficiency for 
vitamin K, produced by a lack of bile salts required for its absorp- 
tion from the intestinal tract, as in the dogs with internal biliary 
fistula, reported by Hawkins and Whipple, 4 and Hawkins and 
Brinkhous. 3 This is the mechanism commonly operative in the 
hemorrhagic tendency of obstructive jaundice. The third is hepatic 
damage. This has been observed in the experimental animal fol- 
lowing chemical and mechanical trauma to the liver and following 
surgical ablation of the liver. It has been found also in patients 
with prolonged common duct obstruction and certain other disorders. 
The fourth method is that observed in sweet clover disease, 50 in which 
a toxic material developing in spoiled clover hay 10 is absorbed and 
reduces the plasma prothrombin concentration without gross liver 
damage. Fifth, certain cases of clinical hypoprothrombinemia 
have been attributed to changes in the intestinal tract interfering 
with absorption of the vitamin, as in sprue and ulcerative colitis. 1 
The question arose as to which of these mechanisms, if any, could 
have been operative in this patient. Simple K-avitaminosis re- 
sponds rapidly to the administration of small amounts of vitamin K. 
In 1938 E. W. received Cerophyl 7.5 gm. per day with bile salts 
2 gm. per day for a period of a week without any response. In 
1939 he received 2-methyl-l, 4-naphthoquinone mg. (various 
amounts) t.i.d. over a week with the same dose of bile salts with 
no improvement. In 1940 he received 2-methyl, 4-amino, 1-naph- 
thol hydrochloride 9 mg., by continuous intravenous infusion in 
24 hours with no response. It would seem, therefore, that he did 
not suffer from K-avitaminosis nor from a conditioned deficiency 
of vitamin K, due to a lack of bile salts. 

It is well known that hypoprothrombinemia due to liver damage 
is not very responsive to treatment with vitamin Iv, either by oral 
or parenteral routes. It seemed most likely, therefore, that this 
patient had hepatic damage or perhaps hepatic hypoplasia, such as 
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was found in a patient with congenital hypoproteinemia, described 
by Thompson, McQuarrie and Bell. 11 None of the liver function 
tests showed any evidence of hepatic damage. At autopsy no gross 
abnormality of the liver was discernible, and the microscopic changes 
were much less than we have observed before in patients with 
hypoprothrombinemia due to liver damage (Fig. 1). 

The possibility of a toxic agent which destroyed prothrombin 
directly seems unlikely as the patient showed no improvement with 
changes in diet and environment. There were no symptoms point- 
ing to a disorder of the digestive tract and as the patient did not 
respond to vitamin Iv administered parenterally, it would seem that 
the hypoprothrombinemia could not be due to a failure to absorb 
vitamin Iv in this case. The possibilities of an excessively low 
threshold for vitamin Iv excretion, resulting in a prompt loss of 
vitamin Iv, was considered and an antivitamin Iv factor imme- 
diately destructive of all but a small part of the vitamin Iv 
received was also considered. Neither of these conditions has been 
recognized previously and it was felt that the continuous adminis- 
tration of 2-methyl, 4-amino, 1-naphthol hydrochloride by vein for 
24 hours in excessive dosage would have yielded a measurable 
response in the face of either of these possibilities. The studies 
carried out in this patient indicate that his coagulation defect was 
due to a lack of prothrombin and to a qualitative defect in fibrinogen 
without a quantitative defect in this factor. It should always be 
remembered in discussing prothrombin that this factor is known 
only by its function. It has never been isolated or measured quan- 
titatively. There is no certain evidence to indicate whether it is a 
single substance, a group of substances, or a complex of factors 
which interact chemically to achieve the function which we measure. 

Conclusions. The case of an 18-year-old, white male with a 
hemorrhagic diathesis extending over most of his life span is pre- 
sented. The defect appeared to be due to an idiopathic hypopro- 
thrombinemia and an abnormality of the fibrinogen which was evi- 
denced by an unusual resistance to the action of thrombin. We 
have been unable to classify this case with any of the known hemor- 
rhagic diatheses. 
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INTRAVENTRICULAR BLOCK, INCLUDING SO-CALLED 
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(From the Cadiovascular Department, Michael Reese Hospital.) 

The diagnosis of intraventricular block is entirely dependent upon 
the electrocardiogram and has as its cardinal sign a QRS duration 
of 0.12 second or longer. Two major varieties have long been 
recognized on the basis of the contour in the limb, viz., the common 
type with QRSi upright and QRS s inverted, and the uncommon 
type with QRSi inverted and QRS 3 upright. Earlier workers 10 ' 33 ' 48 
interpreted the common type as due to delay of stimulation in the 
right ventricle and the uncommon type as due to delay in the left. 
This was the accepted interpretation with only occasional dis- 
sent 18 ’ 35 - 43 ’ 44 until Barker, Macleod and Alexander 5 in studies on the 
exposed human heart presented evidence that extrasystoles with 
QRSi upright were from the right ventricle and that extrasystoles 
with QRSi inverted were from the left ventricle. Wilson and his 
coworkers 61 demonstrated that the common type of bundle block 
was associated with block of the left bundle branch and the uncom- 
mon with block of the right. They 59 60 supported their experi- 
mental work by studies of chest leads on dogs and man. In this 
latter work the interpretation was based upon the relatively early 
or late rise of the so-called “intrinsic deflection” in leads over the 
various parts of the chest; but this interpretation of the deflection 
may be subject to criticism. Later experimental work 1 ’ 2 ’ 310 - 5 32 ’ 37 ’ 47 55 
has tended to confirm the broad principles of Wilson’s view. 

There are, however, instances in which a prolonged QRS interval 
is present but in which the contour of the curves do not fit into 
either of these two classical patterns. For lack of a better term 
these have been designated as “indeterminate” types. Necropsy 
reports 14 ' 17 ' 24 ' 26 ' 340 - 6 ' 43 - 44 have been more or less inadequate for cor- 
relation with the electrocardiogram and have often been rather 
confusing. The recent detailed work of Yater 66 67 indicates that 

* Aided by the A. D. Nast Fund for Cardiac Research and the A. B. Ktippen- 
heimer Fund, 
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branches of both bundles are often affected at the same time, 
especially in arteriosclerotic heart disease. This may in part at 
least account for the atypical forms of some of the electrocardio- 
grams. The variations in the contour of chest leads associated 
with these different types of intraventricular block have been de- 
scribed, 12 ’ 27i37 ’ 39 ' 4M6 - 59 ' 00 ’ 63 ’ 65 but there is still considerable confusion 
as to the significance of these variations. On this account, we have 
undertaken a more detailed study of the chest lead deviations occur- 
ring with the different limb lead electrocardiographic pattern in 
order to see if such an analysis may be helpful in evaluating the 
extent and nature of the involvement of the conducting system of 
the ventricles. 

Material Employed. A total of 176 cases were studied and 1245 
curves were analyzed and classified. In 12 cases, leads were taken 
with the chest electrode at various positions encircling the chest 
at the level of the second and fourth intercostal space at the sternal 
margin. The technique used was similar to that in our previous 
report. 10 In 44 others, 6 leads from the anterior chest were used 
(with the left leg the “indifferent” electrode). These were: 1, at 
the right of the sternum at the level of the fourth intercostal space; 
2, at the left of the sternum at this level; 3, at the left midaxillary 
line at this level; 4, at the apex; 5, over the mid-sternum at the 
level of the second intercostal space; and 6, over the junction of 
the xyphoid and sternum. Besides these, 30 other cases are included 
in which the standard 5 leads used by us at present were recorded, 
the chest leads being CF* and CF t . N In addition, 91 further cases 
were also included in which standard 4 leads previously employed 
by us were recorded, the chest lead being CF S . In 43 of the 176 
cases the subclavian arterial pulse was recorded simultaneously with 
Lead II to determine the Q-E interval. 29 In 25 cases autopsy 
reports were available. 

Analysis of Material. 1. Distribution, (a) By Type. The 
electrocardiograms of the 176 individuals were classified into four 
types illustrated in Figure 1. For clarity these four groups are 
defined more precisely as follows: 

1. The common type in which QRSi is upright and of the A or 
\A type (with the first inverted phase tiny) and T x is inverted or 
diphasic, while QRS 3 is usually inverted and of the V or X type 
(but may be upright) and I\ is usually upright (but may be inverted). 

2. The first indeterminate type in which QRS X is upright of the 
X’ or W type and 7) is inverted or diphasic. It differs from the 
common type in having a small final inverted phase. QRSi is 
usually inverted and of the X or M type and T 3 is upright. This 
is like the type classified by the Xew York Heart Association, 42 
under right bundle branch block (see Fig. 20 b of Xomenclature for 
Diagnosis of Diseases of the Heart). 

3. The second indeterminate type in which QRS, is diphasic and 




Fig. 1. — Chart Showing the Chief Varieties of Contour of the QRST in the 4 Types 
of intraventricular block in Leads I, II, III, CFi and CFi. 

In CFs and CFt, relative positivity and negativity of the chest electrode with respect 
to the leg electrode is shown by + and — . Discussed in text. 

There were 10 cases like the 1st line, 33 cases like the 2nd line, 34 cases like the 
3rd line, 12 cases like the 4th line, making a total of 89 (51%) of the common type. 
There were 23 cases (13%) of the first indeterminate type like the 5th line. There 
were 17 cases like the 6th line and 42 cases like the 7th line, making a total of 59 
(33%) of the second indeterminate type. There were 5 cases (3%) of the uncommon 
type like the 8th line. 

The average QRS duration in the series was 0.135 sec. and the range 0.12 sec. to 
0.24 sec. ( 673 ) 
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of the X type with a deep prolonged Sr, 1\ is usually upright. It 
differs from the uncommon type in having QRS, diphasic instead 
of mainly inverted. 

4. The uncommon type in which QRS X is inverted or mainly in- 
verted and of the X, or rarely V, type; usually there is a deep Si 
and Ti is upright. QRS 3 is upright and T 3 is usually inverted. 

Examination of the entire series shows that there is a grada- 
tion from the common, through the indeterminate types to the 
uncommon. 

The distribution of the records into these four categories is shown 
in the legend of Figure 1. It will be noted that there were 89 cases 
of the common type of intraventricular block. These included 
10 cases of the concordant variety 251 where QRS was upright in all 
3 limb leads, like the first line of Figure 1. The greater number 
had a contour like that seen in the second and third lines of Figure 1 ; 
however, 12 cases had QRS complexes directed up in the chest leads, 
as in the fourth line of Figure 1. Only 5 cases of the uncommon 
type were found, shown in the last line of Figure 1. There were 
23 cases of the first indeterminate type of intra\ entricular block 
like the fifth line of Figure 1 , and 59 cases were of the second inde- 
terminate type of intraventricular block like the sixth and seventh 
lines of Figure 1. 

(b) By Etiology. The cases were divided into four groups accord- 
ing to etiology as shown in Table 1. About one-fourth of the 
cases had evidence of recent or old myocardial infarction; about 
three-fifths fell into the arteriosclerotic group but without clear 
evidence of myocardial infarction. Many of the cases in these two 
groups also had hypertension. In our series there were relatively 
few cases with syphilitic and rheumatic heart disease. Other inves- 
tigators have found a similar preponderance of arteriosclerotic heart 
disease. 6 15 22 30 49 67 65 

T\ble 1. — Distribution of CtsF.s of Intran entricllab Block According to 

Etiologt . 



A\ crape 

% of 

% of etjolopic proup 
in each electrocardiographic t\ pf» 

Indeter- Indeter- 


ape. 

total 

Com- 

mirate 

minute 

Uncom- 

Clinical diacno«H 

(*rs ) 

group 

mon 

Tvpe 1 

"Hpe 2 

mon 

Arteriosclerotic heart disease 

G1 

G2 

•19 

13 

35 

3 

Mj ocardml infarction . 
(recent and old) 

57 

20 

57 

15 

20 

2 

Syphilitic heart disease 

51 

0 

40 

20 

to 

0 

Rheumatic heart disease 

AH tjpos 

43 

5$ 

0 

50 

0 

50 

0 


Of the 4S cases with myocardial infarction, 25 had electrocardio- 
grams resembling the anterior wall type, 17 resembling the poste- 
rior wall type and G showed evidence of multiple infarctions (see 
Table 2). This table shows that there was no correlation between 
the type of block and the type of infarction shown in the electro- 
cardiogram. This is in accord with previous observations. 75 
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Table 2.— Incidence oe Myocardial Infarction (Recent and Old) in 
Different Types of Intraventricular Block. 

No. of cases with 


Total 
No. of 

Type. cases. 

Common 28 

Indeterminate Type 1 ... 7 

Indeterminate Type 2 ... 12 

Uncommon 1 

Totals 48 


each type of infarction. 


Anterior. 

Posterior. 

Multiple. 

16 

7 

5 (ant. 
and post.) 

3 

4 


5 

6 

1 (mult, 
small) 

1 

0 


— 

— 

— 

25 

17 

6 


(c) By Sex. There were in our series 122 males and 54 females. 
This predominance of males is in accord with previous studies. l ’ 7>16, ~ 

22 , 26 , 30 , 50 , 52 , 5 - 1 , 57,58 

(d) By Age. As expected, there was a definite age distribution 
according to the etiology of the intraventricular block (Table 1) but 
none according to the electrocardiographic pattern. The arterio- 
sclerotic group had the oldest average age, 91 % of this group being 
50 years or over. Of the cases with myocardial infarction, 75% 
were 50 years or over. The syphilitic and rheumatic groups were 
much younger. This is in accord with previous findings from this 
department 2811 and from other reports. 4 ' 7 ' 13,15 ' 19 ' 20 ' 22 ' 23 ’ 25 ’ 26 ' 30 ' 3 ' 1 '‘ 55 ’ 50 ' 62 ~ 

54 , 57 , 58,65 

In the entire series 64% of the eases were in the fifth and sixth 
decades (Table 3). The youngest case in this group was 25 years 
of age with rheumatic heart disease, the oldest 87 years with arterio- 
sclerotic heart disease. 


Table 3.— A Comparison of Age According to Decades in the Series 
of Intraventricular Block. 


Age (yrs,). total group. 

Under 30 0,5 

30 to 39 1.0 

40 to 49 18 0 

50 to 59 32 0 


% of 

Age (yrs.). total group. 

60 to 69 32.0 

70 to 79 16.0 

80 to 87 0.5 

Average age, 58 


(e) By Duration of QRS. There was no definite relation between 
QRS duration and the type of electrocardiographic pattern, nor 
between QRS duration and the etiology of the block. The duration 
of QRS varied from 0.12 to 0.24 second and the average of the 
entire group was 0.135 second. 

2. The Significance of the Q-E Interval. In attempting to 
differentiate delay in the left ventricle from delay in the right, several 
investigators have employed optically recorded pulses taken simul- 
taneously with Lead II. The rise in the pulse marks the onset of 
ejection of blood from the left ventricle plus the transmission time 
of the pulse to the spot recorded; the beginning of QRS indicates 
the onset of stimulation of the ventricles. Niehol 41 designated the 
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et al. m ' 6i and others 11 arrived at much the same conclusion. We 
repeated this work some years ago 29 and concluded that “ In intra- 
ventricular block: 1, a Q-E of 0.18 second or longer suggests the 
presence of ‘functional’ left bundle branch block, but does not 
exclude the presence of ‘functional’ right bundle branch block; 
and that 2, a Q-E interval of less than 0.14 second suggests the 
probable absence of ‘functional’ left bundle branch block and there- 
fore suggests ‘right bundle branch block’.” 

We pointed out further that due to various factors there is a con- 
siderable variation of the Q-E interval in normal individuals. 

Since our earlier report, we have carefully measured the Q-E 
interval of 43 of our present series of 176 cases with intraventricular 
block. Each case was carefully checked and corrected for parallax 
when necessary. These measurements are shown in Table 4. The 
cases have been classed according to their resemblance to the 
records in Figure 1 and are summarized in Table 5. It is interest- 
ing to note in this table that 68% of the cases with the common 
type of intraventricular block had a Q-E interval longer than the 
QRS, while 65% and 67% respectively of the cases of the second 
indeterminate and uncommon types of intraventricular block have 
a Q-E interval shorter than QRS. It is also significant that 58% 
of the cases with the common type of block have a Q-E longer than 
0.14 second and 26% have one of 0.18 second or longer, while in 
none of the other three types is the Q-E longer than 0.14 second 
and in about one-third of the second indeterminate and uncommon 
types, Q-E is less than 0.12 second. 

Table 5.— A Comparison of QRS and Q-E Intervals in Different Types of 

Intraventricular Block. 

Proportion of cases 

in each group with a Q-R interval which is 



Range of 

Q-E interval 

Greater 

Less 

Less than 
average 
normal 

Greater 

0.18 sec. 

Type. 

duration in 

than 

than 

duration, 

than 

or 

seconds. 

QRS. 

QRS. 

0.12 see. 

0.14 see. 

longer. 

Common .... 

0.12 to 0.24 

hs% 

0 

0 

58% 

26% 

Indeterminate Type 1 

0.12 to 0.14 

25% 

0 

0 

0 

0 

Indeterminate Type 2 

0.09 to 0.14 

0 

65% 

35% 

0 

0 

Uncommon . 

0.0S to 0.14 

0 

67% 

33% 

0 

0 


In order to get some idea of the trends, the Q-E intervals of 
each of the four classes of intraventricular block were averaged and 
the results are presented in Table 6 listed under Series A. The 
cases previously published by us 29 were reclassified into these four 
classes and the averages in each are presented in Table 6 listed 
under Series B. The averages in each class in the two series com- 
pare closely. They show that only in the common type of intra- 
ventricular block is the Q-E interval definitely beyond the average 
limits of the normal Q-E interval. An interesting case in this con- 
nection was seen where a Q-E interval was obtained before and 
after the development of intraventricular block. In this patient 
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when the QRS was normal in duration, 0.0S second, the Q-E inter- 
val was 0 .14 second which is in the upper normal range. When 
intraventricular block of the common type developed with QRS 
0.12 second in duration, the Q-E interval became 0.1S second. 

Table 6.—' Ventricular Delay is the Different Types of Intraventricular 
Block as Determined From the Averages of the Q-E Interval 
is Seventy Individuals. 


Type of 
intraventricular 


No .of 

Average duration of 
group in seconds. 

Interpretation as to 

block- 

Series. 

crises. 

QRS. 

Q-E. 

ventricular delay. 


A 

19 

0 135 

0 155 

Left ventricle 

Common 

B 

1G 

0 143 

o m 

(Right ventricular 


Both 

35 

0 13S 

0 159 

delay is not 


excluded) 

A 4 0 125 0 130 

Indeterminate Type 1 B 2 0 120 0.130 Undetermined 

Both 0 0 123 0 130 

A 17 0 130 0 11G 

Indeterminate Type 2 B 7 0 127 0 121 Right ventricle 

Both 24 0 129 0 11S 

A 3 0 153 0 120 

Uncommon B 2 0 130 0 115 Right ventricle 

Both 5 0 144 0 11S 

Normal adults B 9 0 0S0 0 120 No delay 

Series A = Present series (see Table 5). 

Series B = Katz, Landt, and Bohning: Am. Heart J., 10, (SSI, 1935. 

All this evidence favors the idea that the common type of intra- 
ventricular block is most often associated with delay in the left 
ventricle and that the uncommon and the two indeterminate types 
are not associated with delay in the left ventricle, hence, presum- 
ably, with delay in the right ventricle. However, exceptions are 
found. Especially frequent is the lack of evidence of Q-E prolonga- 
tion in the common type of intraventricular block. Our present 
deductions therefore in no way nqjlify our previous conclusions but 
are a further clarification of them. 

The Autopsied Material. The data on the 25 cases coming to 
necropsy are summarized in Table 7. The autopsies were routine, 
and, while microscopic examinations of sections were made, no 
special studies of the relative involvement of the various parts of 
the conducting system were undertaken. Several of the compli- 
cating factors were revealed at necropsy, however, which may some- 
times confuse the electrocardiographic picture. The actual curves of 
many of these have been published in earlier articles (see Tabic 7). 

Of these eases, 19 had coronary sclerosis, 14 had myocardial 
infarction, 4 had syphilis and 1 of these latter had an anterior wall 
infarction. One, Case 22, had an active rheumatic infection and 
5 showed evidence of old healed rheumatic lesions but associated 
with coronary sclerosis. 




Table 7.— Autopsy Findings in 25 Cases With Intraventricular Block. 
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There was no relation apparent between the location of the 
infarction and the type of intraventricular block. However, the 
infarct, old or new, leaves its impression on the record. This is 
discussed in another communication. 9 Nor could any relationship 
be established in this series between the coronary artery involve- 
ment and the type of intraventricular block. 

In 16 of these cases the septal involvement was visible grossly. 
In the cases of infarction this involved usually the left ventricular 
side of the septum adjacent to the infarct in the outer wall. In 
1 (Case 17) there was an occlusion of the septal artery as well as 
that of the left anterior descending branch, and an anterior wall 
infarction. However, it must be recalled that in an earlier series 
of autopsied cases with myocardial infarction 8 6 cases with septal 
involvement were seen without electrocardiographic evidence of 
intraventricular block. Besides the cases with infarction, there 
were 4 with diffuse septal fibrosis and 4 had evidence of degenera- 
tion of the muscle fibers of the septum and 1 had “mummified” 
muscle fibers histologically in the septal area (Case 18). Two had 
necrosis involving the common bundle (Cases 7 and 13) and 1 had 
a fatty infiltration of the bundle fibers (Case 10). 

Eleven cases had hypertrophy of both ventricles, 6 hypertrophy 
mainly of the left ventricle. In all but 2 of these last 6, the intra- 
ventricular block was of the common type. The exceptions had 
the first or second indeterminate types of intraventricular block; in 
the former, this was confined to his later records, the earlier ones 
being of the common type. There was another case besides this 
where a common type of block preceded the first indeterminate 
type. Nearly all cases showed myocardial fibrosis throughout both 
ventricles. There were 3 cases of hypertrophy confined to the 
right ventricle, all of the second indeterminate type. 

This analysis of the 25 autopsied cases lead to the following main 
conclusion : 

1. The chief causes for intraventricular block appear to be: («) 
arteriosclerotic heart disease leading to degeneration of the fibers 
in the common bundle or a fibrosis of the ventricular muscle fibers 
in the septum and outer walls; (5) myocardial infarction involving 
the septal area, including old lesions and aneurysms; (c) occlusion 
of the septal artery or its branches; (d) syphilitic cardiovascular 
disease associated with narrowing of the coronary ostia, and with 
necrosis and fibrosis of the muscle fibers; (c) rheumatic heart dis- 
ease associated with muscle fiber fibrosis. 

2. There is no special electrocardiographic pattern associated with 
any particular etiologic factor, although left hypertrophy usually 
had the common, and right hypertrophy usually had the second 
indeterminate type. 

3. Several etiologic factors are often present in the same case. 

Our findings are in agreement with those of previous reports on 

necropsy material. 3 -- 1 .*.«.« 
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Total number of cases with CFi 63 

* The 48 cases of definite myocardial infarction are excluded from this table. _ 

t Taken in accordance with modern method for chest leads (upward deflection represents relative positivity), 
iso = iso-eleetric. 



682 BOHNING, KATZ, LANGENDORF, BLUMfcNTHAL: 

Chest Lead Variations in the Different Types of Intra- 
ventricular Block. The data as to the configuration of the two 
chest leads, CF 2 and CF h used by us routinely, in the various types of 
intraventricular block uncomplicated by myocardial infarction, are 
shown in Table S. In Figure 1 is summarized the prevalent appear- 
ance of these 2 chest leads together with the limb leads in the different 
types of intraventricular block. Examination of this table and 
this figure will show that a definite pattern is found in the chest 
leads and that the chest leads can help to substantiate the type of 
intraventricular block identified in the limb leads. That excep- 
tions and intermediate forms occur is not surprising since associated 
conditions can alter the electrocardiographic pattern. Among the 
most important is myocardial infarction. 9 

In the common type of intraventricular block, QRS may be 
entirely down in both of these chest leads, often with a preliminary 
small upright phase. Less commonly, QRS is entirely up in both 
chest leads, sometimes with a tiny inverted preliminary phase in 
CFi. It is unusual to find QRS down in CF 2 and upright in CF A , 
or to find an equiphasic QRS in CF A with the first phase up. The 
S-T-T in’ these chest leads almost without exception is opposite to 
the major phase of QRS. 

In the first indeterminate type, QRS is upright in both CF« and 
CF\ and usually there is both a preliminary and final inverted phase 
of some magnitude. Sometimes the preliminary phase is absent, 
sometimes the inverted phases are so large as to give a W appear- 
ance to the QRS. Rarely an INI type of curve may be seen in CF 2 . 
S-T-T is practically always directed downward. 

In the second indeterminate type, QRS in CF„ is of the M type 
with the deflection almost entirely up, although occasionally the 
middle phase may go below the isoelectric level. Sometimes the 
first phase of the M is so large and the third so small that it takes 
on the appearance of notching on the downstroke. On rare occa- 
sions QRS may be polyphasic. S-T-T in this lead with these con- 
figurations is practically always downwardly directed. Some cases 
of this type show QRS diphasic with the second phase inverted and 
prolonged; here S-T-T is directed upward. This last is the usual 
appearance of the QRST in CF t . Occasionally an M type may be 
seen in both CF» and CFa. 

In the uncommon type, the forms are similar to those seen in the 
second indeterminate type except that the M type is not seen in 
CFi and the diphasic type is more common than the M type in CF». 

Summary. An analysis was made of the electrocardiograms of 
176 individuals with intraventricular block. They were classified 
according to the differences in pattern found in the limb and chest 
leads. The types were related to the probable delay in stimulation 
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of the right and left ventricle, as suggested by the averages of the 
Q-E intervals (the time from the onset of QRS to the rise of the 
subclavian arterial pulse) in each group. Further, an analysis of 
some detail was made of the findings in 25 autopsied cases. 

Conclusions. 1. Intraventricular block occurs more frequently 
in males and most often in the fifth and sixth decades of life. 

2. Arteriosclerotic heart disease was the most frequent etiologic 
factor in intraventricular block in our series; syphilitic and rheu- 
matic heart disease were responsible for the smaller number of cases. 

3. Intraventricular block in the autopsied group of cases was 
associated with : 

(a) Involvement of the common bundle or some of its major 
branches as a result of arteriosclerotic or syphilitic disease. 

(b) Involvement of the septal muscle fibers by infarction, fibrosis 
or degenerative processes. 

(c) Involvement of massive' character of the myocardium of the 
ventricles by degenerative processes accompanying arteriosclerotic, 
syphilitic or rheumatic heart disease. 

(d) Involvement of several areas by the above etiologic processes. 

4. Intraventricular block is diagnosed in the electrocardiogram 
by finding a QRS duration of 0.12 second or longer in the limb leads. 
Examination of the records shows that they can be grouped into 
four types, the common, the uncommon, and the first and second 
indeterminate types. 

5. While other influences such as hypertrophy and displacement 
of the heart, as well as the causes which lead to low voltage, affect 
the appearance of the electrocardiograms in intraventricular block, 
the various types, by and large, appear to represent definite types 
of delay in the spread of the impulse, viz: 

(o) The common type of intraventricular block appears to repre- 
sent chiefly delay in the left ventricle. 

(i b ) The uncommon and second indeterminate types of intra- 
ventricular block appear to represent chiefly delay in the right 
ventricle. 

(c) The first indeterminate type of intraventricular block appears 
to represent a mixture of delay in the right and left ventricles. 

6. These studies confirm and expand the views developed by us 
previously regarding intraventricular block. 

7. The characteristic appearance of the electrocardiogram in 
CFn and OF 4 is described (and the typical contour is shown in 
Fig. 1) for each of the four types of intraventricular block into 
which ah cases appear to fall. 

We are indebted to several interns of the department for their assistance in obtain- 
ing the electrocardiograms and to Dr. O. Saphir of the Department of Pathology 
whose postmortem interpretations were used in our analysis of the 25 autopsied 
cases. We are indebted to the various physicians for their kind permission to use 
the records of their patients. 
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PHONOGRAPH RECORDS OF HEART SOUNDS, MURMURS 

AND ARRYTHMIAS. 

By George D. Geckeler, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, HAHNEMANN MEDICAL COLLEGE AND HOSPITAL, 

PHILADELPHIA, PA. 

Some 15 or 16 years ago, Gamble and Cabot 1 made a series ol 
heart records somewhat in the nature of case reports. There was 
recited a short history, a resume of physical findings and diagnosis 
of the case and then followed the specific heart sounds and murmurs 
of that case. Unfortunately, due to the stage of development of 
recording and of reproducing in those days, it was very difficult 
to play these back with the home phonograph then in use and they 
were not satisfactory. 

The value of physical findings in cardiac diagnosis has been over- 
shadowed in the past few years by the development of graphic 
methods. While we all are grateful for the contribution that 
electrocardiographic and radiologic diagnosis has made in our pres- 
ent-day advance, it seems that this very advance has tended to 
lessen interest in auscultatory findings. Furthermore, no one will 
deny that stethocardiograms, vital capacity studies and various 
laboratory procedures are valuable particularly from an investi- 
gative standpoint; but all such studies are of little help in the 
run-of-the-mine clinical case. This is particularly true in the 
younger age groups with which the family physician has to deal. 
As Wolferth and Margolies 2 aptly stated: “There seems to have 
been a tendency in recent years to minimize the value of ausculta- 
tion; one frequently observes it done in a perfunctory manner. 
Nevertheless, in spite of all the advances that have been made in 
other directions, there is just as great need today as there was in 
Potain’s time for physicians to train themselves rigorously in auscul- 
tation. As knowledge regarding heart sounds has increased, the 
information that may be derived from auscultation has also in- 
creased” and “it is safe to say that at this time sounds which cannot 
be detected by the examiner with ordinary hearing ability and good 
training are of no great clinical significance. It is much more 
important to be able to tell which of the audible sounds are signifi- 
cant and which are not.” 

With present-day methods of recording and the perfection of 
reproduction (the cheapest radio-phonograph will give satisfactory 
results), it is somewhat strange that more attempts have not been 
made to utilize this method in teaching. Phonograph records are 
particularly adapted for teaching in that the same illustration may 
be reproduced as often as desired and repetition is the secret of any 
good teaching. Furthermore, the record can be well heard by a 
class of any size. It has already been satisfactorily demonstrated in 
an auditorium with good acoustics to over 300 people. 
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In collaboration with the Columbia Recording Corporation, a 
series of records of all types of auscultatory signs was developed. 
The following have been selected, 6 or 7 to a record, with frequent 
interpolation of normal heart sounds for easy comparison. 


Sounds 

Normal first and second 
sounds at the apex 
Reduplicated first sound 
Reduplicated apical sec- 
ond sound 

Apical first sound louder 
than the second sound 
Tic-tac sounds 
Normal first and second 
sounds at the apex 
Accentuated aortic sec- 
ond sound 

Ringing aortic second 
sound 

Accentuated pulmonic 
second sound 


Murmurs 

Blowing systolic murmur 
of moderate pitch; nor- 
mal sinus rhythm 
Blowing systolic murmur 
with auricular fibrilla- 
tion 

Harsh systolic murmur 
with loud second sound 
Harsh systolic murmur 
with doubled second 
sound 

Harsh systolic murmur 
replacing first sound 
Harsh systolic murmur 
with auricular fibrilla- 
tion 

Loud harsh musical sys- 
tolic murmur 
Squeaky systolic murmur 
Harsh aortic systolic with 
a diastolic murmur 
Faint mid-diastolic mur- 
mur 

Very faint apical dinstolic 
murmur 

Long low-pitched dias- 
tolic murmur 
Mitral diastolic murmur 
with presystolic accent- 
uation 

Diastolic murmur with 
presystolic accentua- 
tion and a sharp first 
sound 

Diastolic decrescendo 
murmur 

Both sounds replaced by 
murmurs 

Comparison of syphilitic 
and rheumatic aortic 
murmurs 

" Machinery-like” mur- 
mur of a patent ductus 
arteriosus 


Arrythmias 

Premature systoles 
Coupling 

Auricular fibrillation 
Auricular fibrillation with 
exercise 

Auricular fibrillation with 
premature systoles 
Sinus arrythmia 
Typical gallop rhythm 
Atypical gallop rhythm 


An appropriate explanation introduces each illustration, to point 
out its significant features and to suggest what to listen for. Only 
one feature of an illustration is emphasized; any other abnormality 
is mentioned but not stressed. Considerable thought was given to 
the length of the illustration; if too long, it becomes tiresome; if 
too short, it does not sufficiently drive home the feature one hopes 
to demonstrate. The nomenclature suggested by the American 
Heart Association is used. A unique feature of these records is that 
the level of the spoken voice and the loudness of the illustration was 
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so adjusted that if instructions are followed the illustrations are 
heard with, the same intensity and quality of sound as was heard 
with the stethoscope on the patient’s chest when the recording 
was made. Extraneous noises which interfere with the illustration 
were for the most part eliminated, but it was thought inadvisable 
to remove all breath sounds, and so on because actually when one 
listens to a patient these are heard with heart sounds and the repro- 
duction seems more real. Records of rare and obscure abnormalities 
were included as well as those which could be easily heard and dis- 
tinguished. Several, such as the mid-diastolic murmur heard in a 
case with beginning mitral stenosis, are difficult to hear but for that 
reason are probably most valuable from a teaching standpoint. 
In a given case under examination they represent that type of finding 
which must be sought after and which does not present itself readily. 
The records also have value in their veracity and because they train 
one to listen more intently. 

These records do well for self-teaching as well as for class work. 
One listens with his stethoscope as the record is being played, simply 
holding the chest piece in his hand with the bell or diaphragm 
exposed to the air. It is suggested that one sit comfortably in a 
quiet room and close one’s eyes (it always helps to blot out as many 
sensory stimuli as possible). 

It is hoped that these records will fill the need of the family 
physician who has been away from a center for a number of .years 
and who needs a “refresher.” They are of value in Undergraduate 
and Post-Graduate teaching; and they may have value to Draft 
Board examiners. Because of their inclusion of even rare auscul- 
tatory abnormalities, they are of use for reference. 

Much credit must go to the officials and sound engineers of the Columbia Recording 
Corporation without whose efforts and interest this work would have been impossible. 
Their assistance was largely responsible for the “high fidelity” of the records. 
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A SIMPLE MICRO-TEST FOR SULFANILAMIDE AND ITS 
DERIVATIVES IN BLOOD.* 

By Jacob Churg, M.D., 

AND 

David Lehr, M.D., 

NEWARK, N. J. 

(From the Laboratories of the Newark Beth Israel Hospital.) 

Safe and efficient therapy with sulfanilamide or any of its 
derivatives is greatly facilitated by frequent determinations of the 

* Aided by a grant from the Sidney C. Keller Research Fund. 
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drug level in the blood. Such determinations, however, are not 
performed as widely and as often as indicated, being limited mainly 
to those who have the services of a hospital or a private laboratory 
at their disposal. The methods used at present for determination 
of sulfanilamide compounds are still too complicated to be applied 
routinely outside of the laboratory. In addition, most of these 
methods require from 0.5 to 2 cc. of blood for a single analysis, an 
amount which necessitates a venipuncture. This constitutes a 
further deterrent when frequent analyses are performed. Micro- 
methods which utilize 0.1 cc. of blood, for one determination, and 
thus can be performed on finger blood, have been devised. How- 
ever, almost all of them employ a photoelectric colorimeter. The 
bedside micro test proposed by Schoeffel 9 substitutes direct com- 
parison of color on absorption paper for colorimetric measurements, 
but otherwise does not materially simplify the technique. 

Method. The method presented below requires 0.1 cc. (approximately 
2 to 3 drops) of blood for a single analysis. It is the micro-modification of 
a test 4 based upon the methods of Kiihnau 7 and of Werner 11 which employ 
the yellow color formed by reaction of sulfanilamide (and its derivatives) 
with para-Dimethylaminobenzaldehyde in acid medium. We have found 
that by the addition of alcohol the intensity of color is considerably increased 
and, to a great extent, made independent of changes in acidity of the 
medium. 4 A further improvement was achieved by the use of a blue glass 
filter 8 which eliminates the difficulty of comparing yellow colors by turning 
them into various shades of blue-green. The test can be performed in 
G to 8 minutes and is extremely simple. It can be applied equally well by 
the technician in the laboratory and by' the physician at the patient’s 
bedside. Parallel determinations of drug level by the present micro-method 
and the standard method of Bratton and Marshall 7 on 93 blood specimens 
obtained from patients receiving one of the sulfanilamide compounds 
(sulfanilamide, sulfapyridine or sulfathiazole) showed very close agreement, 
the average difference being 0.5 mg. per 100 cc., the maximum difference 
being 1 mg. per 100 cc. Because of its time and labor saving qualities with- 
out loss in accuracy, as compared to diazotization procedures commonly 
applied, tire method is now being used routinely in the laboratory of this 
hospital. The results are very satisfactory'. 

Reagents.* A. 15% aqueous solution of trichloracetic acid. 

B. 2% para-Dimethydaminobenzaldehydet (p-BA) in 95% ethyl alcohol. 
(If stored in a glass-stoppered brown bottle the reagent keeps for at least 
a month. It is almost colorless, if prepared from fresh p-BA. Crystalline 
substance which has turned strongly' yellow due to prolonged standing is 
unsuitable for use.) 

C. N/G HC1 (for determination of total sulfanilamide concentration). 

Equipments A. Test tubes, 10 mm. in diameter, calibrated at 1.5 cc., 

2 cc., 3 cc. and 4 cc., with rubber stoppers. 

B. Blood pipette, 0.1 cc. 

C. Small (1 inch) funnel and filter paper (Whatman No. 2, 4.25 cm.). 


* The reagents arc conveniently kept in dropper bottles. 

t para-Dimethylaminobenzaldehyde may bo obtained Irom Eastman Kodak 
Company, Rochester, N. Y. ‘ 

♦ AH equipment, including slide comparator with permanent sulfanilamide stand- 
ard”, i« manufactured by W. A. Taylor & Co., Baltimore, Md. 
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D. Graduated centrifuge tubes (for determination of total sulfanilamide 
concentration). 

E. Comparator (block or slide) with blue glass filter, a set of permanent 
standards (Table 1)' and comparison tubes (10 mm. inside diameter) cali- 
brated at 1 and 1.5 ec. 


Table 1. — Composition of Permanent Non-fading Standards. 


KjCrjOr, 

Hr 

KiCrO«, 

0.25%. 

H 2 0. 

Corresponding concentrations 
of sulfanilamide in blood. 

(Cc.) 

(Cc.) 

(Mg. per 100 cc.) 

0.5 

0.1 

9.4 

0 

1.0 

0.25 

8.75 

1 

1.5 

0.4 

8.1 

2 

1.9 

0.5 

7.6 

3 

2.2 

0.7 

7.1 

4 

2.5 

0.9 

6.6 

5 

2.7 

1.3 

6.0 

6 

3.0 

2.1 

4.9 

8 

3.0 

3.7 

3.3 

10 

3.0 

0.5% 

5.0 

2.0 

15 


Procedure. A. Determination of Free Sulfanilamide. 1. Place 1.5 cc. of 
water in the calibrated test tube. 

2. Add 0.1 cc. of blood (drawn from finger or ear lobe) and rinse the blood 
pipette several times with the water in the tube. Shake the tube gently 
for a minute or two until the blood is completely hemolyzed. _ 

3. To precipitate the proteins, add 15% trichloracetic acid up to the 
2 cc. mark (approximately 8 drops). Close the tube with a rubber stopper 
and invert - several times. This step may be performed immediately follow- 
ing 2, or within several hours, 

4. After 2 minutes filter the mixture directly into the comparison tube 
up to the 1 cc. mark. Instead of filtering, the mixture in the precipitation 
tube may be centrifuged for 5 minutes at high speed, and 1 cc. of clear 
supernatant fluid transferred to the comparison tube by means of a capil- 
lary pipette. This is especially convenient if several tests are run simul- 
taneously. 

5. Add the p-BA reagent up to the 1.5 cc. mark, mix by inversion, and 
compare with the standards in the comparator, either immediately or within 

2 hours. In the latter case the comparison tube must be tightly stoppered. 

The p-BA reagent should be shaken before use. 

If the drug level in the blood is found to exceed 10 mg. per 100 cc., 
accurate determinations are obtained by repeating the test with double 
dilution of the blood. For that purpose 0.1 cc. of blood is hemolyzed in 

3 cc. of water and trichloracetic acid added up to the 4 cc. mark (about 
18 drops). Otherwise the procedure remains unchanged. The readings 
are multipled by 2. 

B. Determination of Total Sulfanilamide. The procedure as described 
above remains unchanged up to Step 4. Steps 4 and 5 are modified as 
follows: 

4. Place 1 cc. of the filtrate or centrifugate in a graduated centrifuge 
tube, add 1 cc. of N/6 HC1, mix, and heat in a boiling water bath for 1 hour 
in order to hydrolyze the acetylated sulfanilamide. The mixture evapo- 
rates almost completely. Cool to room temperature and bring the volume 
up to 1 cc. with water. 

. 5. Add the p-BA reagent up to the 1 .5 cc. mark, mix by inversion, transfer 
into a comparison tube and compare with the standards. The readings are 
then multiplied by 1.15 to compensate for the decrease in color intensity 
due to the addition of hydrochloric acid. 
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C. Determination of Sulfanilamide Derivatives. With appropriate 
standards the test can be applied equally well to the determination of sulfa- 
pyridine, sulfathiazoie, and other sulfanilamide derivatives. For clinical 
purposes, sufficiently accurate results can be obtained with these compounds 
by using the sulfanilamide standards for comparison, provided the readings 
are multiplied by the following factors: 

Free. Total. 

Sulfapyridine 15 17 

Sulfathiazoie 1,7 20 

These factors take into account the higher molecular weight of sulfapyri- 
dine and sulfathiazoie, the loss in precipitation due to the poor solubility 
of these compounds, and, in determination of total drug concentration, also 
the decrease in color intensity caused by the addition of hydrochloric acid. 

Sources of Error. Similar to the diazo-reaction, the color devel- 
oping with p-BA is not specific for the compounds of the sulfanil- 
amide series but is also given by many aromatic amines, e. g., 
novocaine. 310 In addition, p-BA forms a yellow color also with 
urea 6 and with aliphatic amines except for a-amino-acids. 10 Sig- 
nificant interference can only be expected from the presence of novo- 
caine and other therapeutic agents of similar structure; whereas, in 
the case of urea, the color is about 300 times weaker than that of 
sulfanilamide and will, therefore, even in the presence of severe 
azotemia, cause errors no greater than 0.5 to 1 mg. per 100 cc. of 
sulfanilamide. No interference can be expected from aliphatic 
amines in body fluids. Likewise, the presence of bile pigments in 
the blood has no influence upon the readings, as these pigments are 
removed with the proteins. 

Summary and Conclusions. A micro test for the determination of 
sulfanilamide and its derivatives in blood is presented. It is based 
upon the yellow color resulting from the reaction between sulfanil- 
amide and p-Dimethylaminobenzaldehyde, which has been stabilized 
and intensified by the addition of alcohol. Readings are facilitated 
by the use of a blue filter. 

The rapidity and simplicity of the procedure make the test espe- 
cially applicable to determinations at the patient’s bedside. Because 
of the small amount of blood (0.1 cc.) required for a single analysis, 
the test is particularly convenient for frequent determinations in 
the clinical laboratory as well as in experiments with small laboratory 
animals. 

In 93 parallel determinations on human blood specimens, the 
average difference of values obtained with the method of Bratton 
and Marshall and the present micro-method was 0.5 mg. per 100 cc. 
and the maximum difference 1 mg. per 100 cc. 

The standards are prepared by mixing aqueous solutions of potas- 
sium dichromate (K;Cr 2 0;) and potassium chromate (K;Cr0 4 ) with 
water, as given in Table 1. The final mixtures are transferred into 
comparison tubes (ampoule form, 10 mm. inside diameter) and scaled. 
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THE EFFECT OF LOW CALCIUM DIET AND CALCIFEROL (VITA- 
MIN D 2 ) ON CALCIUM AND PHOSPHORUS METABOLISM. 

STUDIES ON TWO PARATHYREOPRIVIC PATIENTS AND ONE 

"Normal” Subject. 

By Edward Rose, M.D., 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE, 

William H. Perloff, M.D., 

ASSISTANT INSTRUCTOR IN MEDICINE. 

AND 

F. William Sunderman, M.D., Pii.D., 

ASSISTANT PROFESSOR OF RESEARCH MEDICINE, 

UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

(From the Endocrine Section of the Medical Clinic, Hospital of the University of 
Pennsylvania; the Department of Research Medicine; and the William Pepper 
Laboratory of Clinical Medicine, University of Pennsylvania.) 

The irradiation of ergosterol with ultra-violet light produces 
a series of secondary sterols, at least two of which, calciferol (vita- 
min D 2 ) and tachysterol, exert a marked effect upon the metabolism 
of calcium and phosphorus. The action of these two substances 
has been studied in detail by a number of observers during recent 
years. 2 - 7 - 3 ' 12 Thus in a comparative study Albright and his co- 
workers 2 concluded that both calciferol and dihydrotachysterol (a 
derivative of tachysterol) increase the urinary excretion of phos- 
phorus and the intestinal absorption of calcium with the ultimate 
result that the concentration of calcium in the serum is increased and 
that of inorganic phosphorus in the serum is decreased. They state 
that "the ratio of the effect on phosphorus excretion to that on cal- 
cium absorption is greater with AT10 ( dihydrotachysterol ) than with 
Vitamin D;” they offer this fact as the possible explanation of the 
lack of antirachitic effect of dihydrotachysterol. Both these sub- 
stances have proven highly effective when administered orally in 
the treatment of parathyroid insufficiency, particularly in the 
chronic forms in which the patient frequently becomes refractory 
to parathyroid extract. The addition of extra calcium to the diet 
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is usually unnecessary. The effective dose of calciferol generally 
varies from 6 to 12 mg. (200,000-400,000 vitamin D units) per day. 

The effects of large doses of irradiated ergosterol upon calcium 
and phosphorus metabolism in the normal adult have been studied 
by Bauer, Claflin and Marble. 5 They observed an initial temporary 
increase in the fecal excretion of calcium and phosphorus at the 
expense of the urinary excretion; this was immediately followed by 
a marked reduction in fecal excretion of these elements and a marked 
rise in their urinary excretion, without significant change in the 
total balance of either calcium or phosphorus. These changes did not 
depend upon the amount of calcium ingested or upon the calcium: 
phosphorus ratio of the diet. Only slight changes occurred in the 
concentration of calcium and inorganic phosphorus in the serum. 

' We wish to report observations upon 2 patients suffering from 
chronic parathyroid insufficiency and upon one subject presenting 
no evidence of abnormal calcium or phosphorus metabolism. 

All of these patients received large doses of calciferol* while on a diet 
low in calcium. The patients were maintained throughout the period of 
study upon diets based upon the recommendation of Bauer and Aub. 4 The 
diet as offered to the patients consisted of the following: 

Morning: 40 gm. bread 

100 gm. orange juice 
30 gm. bacon 
20 gm. jelly or honey 
5 gm. sugar 
100 gm. farina 
Coffee 

Noon: 100 gm. steak or lean meat 
100 gm. potato 
100 gm. corn 
40 gm. bread 
200 gm. apple 
10 gm. jelly or honey 
5 gm. sugar 
Tea 

Evening: 30 gm. chicken 
100 gm. corn 
100 gm. tomatoes 
100 gm. peaches 
40 gm. bread 
10 gm. jelly or honey 
5 gm. sugar 
Tea 

This diet contains approximately 58 gm. protein, 32 gm. fat and 
230 gm. carbohydrate, representing 1440 calories per day. 

The calcium and phosphorus content of all rejected food was calculated 14 
and the total daily intake of calcium and phosphorus was determined by 
subtracting these figures from the calculated total content of the daily 

* The calciferol used in this study was donated by the Department of Medical 
Research of the Winthrop Chemical Company, Inc., in the form of capsules of 
Drisdol Concentrated Solution in oil. Each capsule -contained 50,000 units of 
vitamin D:. 
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diet. It should be noted that this diet lacks vitamin D. No medication 
except calciferol was given to any of the subjects. Analyses of samples of 
a hashed daily diet yielded 160 mg. of calcium and 768 mg. of phosphorus. 
The patient’s hospital stay was divided into 3-day periods during which 
all urine and feces were collected and separately pooled. The limit of 
each 3-day period for the collection of feces was determined by the appear- 
ance of carmine in the stool. Samples of serum from venous blood were 
collected at the beginning of each 3-day period and at the end of the study 
except in the control subject (see below). The concentrations of calcium 
and inorganic phosphorus were determined by the method of Clark and 
Collip 5 and Tisdall, 17 respectively. The protein values were calculated 
from specific gravity measurements according to the method of Moore and 
Van Slyke. 10 The calcium content of each pooled specimen of urine and 
feces was determined by the method of Shohl and Pedley 16 and the inorganic 
phosphorus content of these specimens by the method of Tisdall. 17 In 
Subject J. P., the concentration of organic phosphorus in the urine was 
likewise determined. 

The 2 patients with parathyroid insufficiency had been under treatment 
prior to the beginning of our study. Patient L. H. had been taking from 
8 to 12 teaspoonsful of calcium lactate and 10 minims of irradiated ergos- 
terol daily. Patient J. J. had been taking 2 ml. of dihydrotachysterol 
3 times weekly. All medication was withdrawn from both these patients 
before the beginning of this study. When the concentration of calcium 
in the serum had reached a level at which symptoms of tetany became 
prominent, the daily administration of 400,000 units of vitamin Da (10 mg. 
calciferol) was begun and continued thereafter throughout the period of 
study. Subject J. P., who presented no evidence of abnormal calcium or 
phosphorus metabolism, received the same daily dose of calciferol after 
four periods of observation without medication. 

Case Reports. Case 1.— J. J., a married mulatto woman, aged 40, had 
suffered from chronic parathyroid insufficiency since a subtotal thyroidec- 
tomy performed elsewhere for hyperthyroidism in 1927. Her treatment 
since that time had included large doses of calcium by mouth, low phos- 
phorus diet, viosterol, parathyroid extract and, more recently, dihydro- 
tachysterol. The effect of dihydrotachysterol in this patient has been 
reported by two of us in a previous communication. 12 For 24 months prior 
to the beginning of the present study the [calcium]* and inorganic [phos- 
phorus] in the serum had been maintained at normal levels and her symp- 
toms had been satisfactorily controlled by the administration of 2 ml. of 
dihydrotachysterol (10 mg.) 3 times a week; her diet had been unrestricted. 
Bilateral lenticular opacities were present. There was a small firm mass 
of recurrent thyroid tissue. Tachycardia was occasionally present, but the 
basal metabolic rate remained consistently within normal limits. Dihydro- 
tachysterol was withdrawn on October 10, 1939, and the patient was 
admitted to the medical division of the Hospital on October 17, 1939, 
where she remained until December 16, 1939. Her hospital stay comprised 
nineteen 3-day periods. The results of our observations are shown graphi- 
cally in Figure 1. It is of interest that while the calcium in the serum fell 
from 9.1 to 7.6 mg. per 100 ml. within 3 days after the institution of the low 
calciurn diet, it did not change significantly thereafter for 33 days, at 
which time it reached a low point of 7.2 mg. per 100 ml. coincidentally with 
severe parathyreoprival symptoms. This was 43 days after the withdrawal 
or dihydrotachysterol and 36 days after the beginning of the low calcium 
diet ; This slow decline is in sharp contrast to the rapid fall in serum 
calcium observed when this same patient was studied after the withdrawal 
of oral calcium therapy in 1937. At that time the serum [calcium] fell from 

* [ ] denote concentration. 
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other day was stopped on February 14, at which time the concentration 
of calcium in the serum was 10.3 mg. per 100 ml. and that of inorganic 
phosphorus in the serum was 3.2 mg. per 100 ml. The subsequent decline 
in serum [calcium] and the rise in inorganic serum [phosphorus] were slow. 
The concentration of calcium in the serum did not fall below 8.5 mg. per 
100 ml. until March 27 (41 days after the withdrawal of dihydrotachysterol) 
at which time it reached 6.9 mg. per 100 ml. and symptoms of tetany for 
the first time became severe. The concentration of inorganic phosphorus 
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Fig. 2. — Patient L. H. (chronic hypoparathyroidism). 


in the serum was 5.5 mg. per 100 ml. on this date. From March 28, 1939, 
until December 29, 1939, the medication consisted of large doses of vita- 
min D; (200,000 to 300,000 units daily) with occasional, irregular, self- 
administerod doses of calcium. In July, 1940, an artificial menopause was 
induced by irradiation because of menorrhagia associated with multiple 
uterine fibroids. Because the patient believed that she felt better when 
taking calcium, the large do=es of vitamin D : were stopped on December 29, 
1939, and from this date until the beginning of the present study her medi- 
cation consisted of from S to 12 teaspoonful.-, of calcium lactate with 10 min- 
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of vitamin D. It may be noted that her present maintenance dose 
of calciferol is 35 mg. weekly as compared with a previous satisfactory 
maintenance dose of dihydrotachysterol which was 30 mg. weekly. 

Case 2.— L. PI., an unmarried white woman, aged 47, underwent a sub- 
total thyroidectomy for hyperthyroidism elsewhere in 1923. This was 
followed by bilateral paralysis of the recurrent laryngeal nerves, necessi- 
tating a tracheotomy, and by severe symptoms of parathyroid deficiency. 
The patient was first seen by us in 1927, at which time bilateral lenticular 
opacities were found. There has been little change in these to date. The 
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Fig. 1. — Patient J. J. (chronic hypoparathyroidism). 

In Figures 1, 2 and 3 are shown the amounts of calcium and phosphorus ingested per 
3-day period; the urinary and fecal excretion of calcium and inorganic phosphorus 
per 3-day period; and the concentrations of calcium and inorganic phosphorus in 
the serum before and during the daily administration of 400,000 vitamin D units of 
calciferol. 


patient has been under continuous observation since 1927. Two para- 
thyroid transplants were made in 1928, with little, if any, benefit. Therapy 
had included large doses of calcium, vitamin D, parathyroid extract, desic- 
cated thyroid, a diet low in phosphorus and the administration of dihydro- 
tachysterol. The effect of dihydrotachysterol in this case has been described 
by two of us in. a previous communication. 12 The patient’s symptoms were 
fairly well controlled by a combination of large doses of calcium and small 
doses of dihydrotachysterol from December 20, 1937, to February 14, 1939. 
She was unable to afford an adequate dose of dihydrotachysterol. From 
February 14 to March 29, 1939, she received no therapy. The daily dose 
of 10 teaspoonfuls of calcium lactate and 1 ml. of dihydrotachysterol everv 
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at intervals of 7 days thereafter. On the 13th day of study the daily admin- 
istration of 400,000 vitamin D units of calciferol was begun and continued 
until the end of the period of observation. Our findings are shown in 
Figure 3. 
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Fig. S.— Patient R. P. (myotonia atrophica; no evidence of parathyroid disease) 


The significant changes observed may be summarized as follows: 

1. An increase in the concentration of serum calcium which 
followed the administration of calciferol and reached a maximum 
by the 15th day of therapy. 

2. A slight, gradual, irregular decline in the concentration of 
seium inorganic phosphorus, beginning after the administration of 
calciferol and reaching a minimum by the 15th day of therapy. 

3. The maintenance of a negative calcium balance throughout 
the period of observation. 

4. The maintenance of approximate phosphorus equilibrium 
throughout the period of observation. 
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fication of the cranial vault. There was no evidence of decalci- 
fication of the long bones, spine or pelvis at this time. 

It is also of interest that in Cases 1 and 2, the withdrawal of 
dihvdrotachvsterol was followed by a much slower return of serum 
calcium and inorganic phosphorus to their parathyreoprival levels 
and by a slower reappearance of parathyreoprival symptoms than 
was observed on other occasions following the withdrawal of calcium 
therapy. This suggests the possibility that dihydrotachysterol 
may be stored in the body. All 3 subjects remained in negative 
calcium balance. The 2 parathyreoprivic patients showed a positive 
phosphorus balance, whereas the “normal” control subject remained 
in approximate phosphorus equilibrium. Changes in organic 
urinary phosphorus excretion in the “normal” subject (J. P.) 
were not of such a character as to permit conclusions regarding their 
significance. The concentrations of serum protein in the para- 
thyreoprivic individuals remained essentially unchanged, excepting 
that in Patient J. J. there was a fall of 1.1 gm. in serum protein 
coincident with the initial decrease in serum calcium. 

Despite much speculation and the development of several theories, 
the actual mechanism whereby the parathyroid hormone regulates 
calcium and phosphorus metabolism remains in doubt. Likewise, 
the manner in which dihydrotachysterol and calciferol produce 
their characteristic effect upon the blood levels of calcium and 
phosphorus is not yet entirely clear. Three theories have been 
advanced to explain the primary action of the parathyroid hormone: 

1. Albright and his group' suggest that the primary effect is 
upon the renal threshold for phosphorus and that the urinary 
excretion of phosphorus is the key factor in the regulation of calcium 
and phosphorus metabolism. 

2. Thompson and Collip 16 suggest that the parathyroid hormone 
acts directly to affect the delivery of calcium from .the bones into 
the serum by stimulating osteoclastic activity. They point out that 
the characteristic effect of the parathyroid hormone upon osteo- 
clastic activity can be produced despite total nephrectomy. 

3. Shelling' 3 concludes that the parathyroid hormone controls 
the solubility of calcium and of inorganic, and possibly organic, 
phosphorus in the serum. In this connection, he points out that the 
serum is actually supersaturated with calcium and phosphorus and 
suggests that some humoral effect must be invoked to explain this 
apparent paradox. 

The problem would appear to revolve largely around the recip- 
rocal relationship between the concentration of calcium and 
inorganic phosphorus in the serum. The exact mechanism by which 
this relationship is maintained unfortunately still remains obscure. 

Albright’s explanation of the mode of action of calciferol has 
been referred to in our introductory paragraph. It should be noted 
that the observations of Tweedy and his co-workers'* tend to refute 
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5. A progressive decline in the urinary excretion of calcium 
before calciferol therapy. Following the administration of calciferol 
there was a gradual rise in urinary calcium excretion with a corre- 
sponding decrease in fecal calcium concentration. 

6. A gradual, progressive increase in the urinary excretion of 
both total and inorganic phosphorus after the beginning of calcif- 
erol with a corresponding decrease in the concentration of fecal 
phosphorus. 

The observations noted in this subject are in general similar to 
those reported by Bauer, Marble and Claflin 5 in normal subjects 
(see above) with two exceptions: First, we did not observe the 
initial temporary increase in the fecal excretion of calcium and 
phosphorus which they noted immediately after beginning vita- 
min D; and second, the changes occurred in our patient with much 
smaller doses of vitamin D than those required to produce similar 
changes in their subjects. 

Comment. The observations reported in Cases 1 and 2 confirm 
previous reports concerning the effectiveness of large doses of calcif- 
erol in the treatment of chronic parathyroid insufficiency. 8 ' 9 - 11 
Our results, however, do not confirm the opinion of Klatskin 8 
that an adequate intake of calcium is necessary for the effective 
action of calciferol. The finding in Cases 1 and 2 of a negative 
calcium balance before the institution of therapy is not in agreement 
with the statement attributed to Aub and his co-workers by Ander- 
son and Lyall 3 that patients with parathyroid insufficiency remain in 
calcium equilibrium despite a calcium intake as low as 100 mg. a 
day. The changes, both absolute and proportional, in the urinary 
and fecal excretion of a calcium and phosphorus following calciferol 
therapy in Cases 1 and 2 are in general similar to those reported by 
Albright and his associates. 2 

The chief interest in our observations on the 2 patients with 
parathyroid insufficiency attaches to the fact that neither a normal 
calcium intake nor an “optimal” calcium: phosphorus ratio in 
the diet was necessary for the characteristic effect of calciferol 
upon calcium and phosphorus metabolism and the concentration of 
these substances in the serum.* It would appear inevitable that the 
prolonged maintenance of a negative calcium balance would result 
in exhaustion of body stores of calcium and in decalcification of the 
bones. Our observations were not continued over a sufficient period 
to ascertain whether such decalcification would occur. Patient 
J. J. (Case 1), however, showed no Roentgen ray evidence of 
decalcification of the bones, after she had been in negative calcium 
balance for 21 days. After she had taken 200,000 to 400,000 
vitamin D units of calciferol daily for 15 months, with unrestricted 
diet, Roentgen rays of the skull showed some evidence of deealci- 

* It will be noted that the calcium: phosphorus ratio in our patients’ diets was 
approximately I; 4, and thus rachitogenic in type. 
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4. The 2 patients with hypoparathyroidism remained in positive 
phosphorus balance; the “normal” control subject was in approxi- 
mate phosphorus equilibrium throughout. 

5. The “normal” control subject developed no symptoms before 
or after the administration of calciferol. The changes in his serum 
calcium and inorganic phosphorus following calciferol were slight 
but qualitatively similar to those observed in the parathyreoprivic 
subjects. 

Conclusions. 1. Patients suffering from chronic hypoparathy- 
roidism may show a negative calcium balance, when the calcium 
intake and the calcium: phosphorus ratio in the diet are low. 

2. Large doses of calciferol (vitamin Do) are effective in relieving 
the symptoms of parathyroid deficiency and in restoring the serum 
concentrations of calcium and inorganic phosphorus to normal levels. 

3. Neither a normal calcium intake nor an “optimal” cal- 
cium: phosphorus ratio in the diet is necessary for the effective 
action of large doses of calciferol. 
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In l93S 3a and 1939 36 we reported the use of guanidine in the treat- 
ment of myasthenia gravis. Yiets and Schwab 7 also reported in 1939 
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this theory. These workers were able to obtain the characteristic 
effects of calciferol upon serum calcium in nephrectomized rats and 
concluded that the primary action of calciferol was to decrease the 
intestinal excretion of calcium. It is possible, however, that 
nephrectomy may alter the usual mechanism by which calciferol acts. 

The increase in the concentration of serum calcium which occurred 
in our patients could have resulted from one or more of the following 
causes : 

1. (a) An increase in the absorption of calcium from the intestine; 
( b ) a decrease in the excretion of calcium from the circulation into 

the intestine. 

2. Increased delivery of calcium into the serum from body stores 
(i. e., the skeleton). 

The greatest increase noted in the concentration of serum calcium 
in any of our patients was 4.2 mg. per 100 ml. of serum which 
would indicate a total increase of approximately 100 mg. of calcium 
in the circulating serum. Furthermore, this increase occurred over 
a period of 18 days. Our data do not permit comment upon the 
possible mechanisms involved in producing the changes observed in 
the concentrations of serum calcium, since gain or loss of such 
amounts of calcium over a period of 18 days cannot be detected by 
current methods of balance studies. 

Summary. Observations on calcium and phosphorus metabolism 
have been made upon 3 subjects (2 with chronic hypoparathyroidism 
and 1 control with myotonia atrophica without evidence of para- 
thyroid disease). These observations were made before and during 
the daily administration of 400,000 units of vitamin D 2 (calciferol). 
Throughout the period of study the subjects were maintained upon 
diets low in calcium and containing slightly less than average normal 
amounts of phosphorus. The calcium and phosphorus contents of 
urine and feces were determined throughout the period of study and 
periodic determinations of the serum concentrations of calcium, 
inorganic phosphorus, and protein were made. The urinary excre- 
tion of organic phosphorus was likewise determined in the subject 
without parathyroid disease. 

The results of our observations may be summarized as follows: 

1. In the patients with hypoparathyroidism, serum calcium and 
inorganic phosphorus gradually returned to normal levels following 
the administration of calciferol. There was concomitant dis- 
appearance of parathyreoprival symptoms. 

2. The urinary excretion of calcium and phosphorus increased 
following the administration of calciferol in all 3 subjects. This 
increase occurred at the expense of the fecal excretion of calcium and 
phosphorus. 

3. All 3 subjects remained in negative calcium balance through- 
out ( i . e., the estimated excretion of calcium was greater than the 
estimated calcium intake). 
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soon gastro-intestinal symptoms developed. Subsequently, under the direc- 
tion of various physicians different combinations of the two drugs have 
been tried with only partial success. In a recent letter he states that he is 
now taking 7 guanidine and 10 prostigmin tablets every 24 hours and that 
this “ holds him on a fairly even keel.” In this individual prostigmin and 
guanidine seems to cause gastro-intestinal symptoms easily. Tincture of 
belladonna, 10 minims 3 times a day, relieves the gastro-intestinal distress. 
It seems possible that a different combination of the 2 drugs or a change in 
the interval of dosage might result in a sustained response and eliminate 
the gastro-intestinal symptoms without the use of atropine. 

Vanderbilt’s Cases. Follow-up on Old Cases. M. 0., Case 2 of Original 
Paper. A 37-year-old woman with myasthenia gravis of more than 5 
years’ duration had been maintained fairly satisfactorily on prostigmin. In 
January, 1938, she was started on guanidine medication. The dose was 
increased gradually (in the light of later experience needlessly slowly) to 
30 to 35 mg. per kilo of body weight daily. At the end of 15 months she felt 
well, could do light housework and take automobile rides, but could not 
walk far because her knees tired easily. She continued the rather high daily 
dose of guanidine for several months at which time she found that satis- 
factory strength could be maintained with smaller amounts. At present 
she is taking 1.25 gm. of guanidine, or about 18 mg. per kilo, daily, in 
divided doses and supplements this with 2 or 3 15-mg. tablets of prostigmin. 
At no time has she experienced untoward symptoms from the long continued 
use of guanidine. The weakness of her knees has disappeared. She does her 
own housework and leads a normal social life. She was able to work as a 
clerk in her husband’s hardware store for half of each day during the Christ- 
mas rush. She has no periods of marked weakness at any time and no 
undue fatigue at the end of the day. On a recent physical examination no 
abnormalities were found. The urine was normal, the blood pressure 120/80 
and muscle tone excellent. Although this patient exhibits no evidence of 
myasthenia gravis while under appropriate medication, she is not in a spon- 
taneous remission because symptoms of weakness recur if treatment is 
withheld. 

II. IF. C., Case S of Original Paper. A 47-year-old woman who had 
myasthenia gravis had, for economic reasons, taken inadequate amounts of 
prostigmin for several years. In May, 1938, guanidine medication was 
started.' She was soon taking 20 to 25 mg. per kilo of body weight per day. 
During the first year of medication she was able to do more work than she 
had done for some years, but still tired easily. At about this time she 
experienced considerable discomfort, associated with symptoms typical of 
the menopause. She felt unable to undertake anything which required much 
muscular exertion. However, she could paint or sew for several hours with- 
out fatigue, there was no tiring of her voice in conversation, and her facial 
expression was normal and animated. Now, nearly 3 years since the begin- 
ning of guanidine treatment,. she is in much better general health and is able 
to be considerably more active. She does her own housework, takes short 
walks and joins in more social activity than formerly. She has continued 
to require 20 mg. of guanidine, hydrochloride per kilo per day. Weakness 
rapidly returns with the omission of a dose or two. She takes prostigmin 
occasionally during automobile trips or before some social function. She 
has been examined several times by her physician during the past year. 
Her blood pressure which for several years had been 170 to 200 over 110 
to 120 has fallen since the menopause to 140 to 150/90. Although careful 
attention to medication continues to be necessary this woman now leads 
a nearly normal life. She states that she feels better than at any time since 
she developed myasthenia. 
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that they had given guanidine alone or with prostigmin to 25 pa- 
tients with myasthenia gravis and had obtained some beneficial 
responses in one-third of the cases and good results in 4. In our 
second paper we were able to give the results of treatment of 5 
patients, one of whom had taken the drug for a little over a year. 
We have continued to follow 3 of our original patients and have had 
an opportunity to treat 3 new patients with guanidine. Following 
our second report we received letters from several physicians who 
wished to know in greater detail how to use guanidine. In the 
autumn of 1940 we wrote to these physicians asking for a statement 
of their experience with the drug and received reports on the results 
in 21 cases. We have also heard from members of the pediatric 
staff of the Johns Hopkins Hospital concerning the use of guanidine 
in children. The purpose of this paper is to review the subject of 
guanidine treatment in myasthenia gravis in the light of accumu- 
lated experience. 

Vanderbilt’s New Cases of Myasthenia Gravis. Case 1.— A 54-year-old 
woman, who weighed 141 pounds, developed difficulty with speech, swallow- 
ing and vision 5 years before admission to the hospital. A spontaneous 
remission of symptoms occurred but this was followed by a relapse. A 
diagnosis of myasthenia gravis was made and prostigmin and ephedrin 
prescribed. She returned 2 years later greatly improved. She was again in 
a remission but had difficulty in talking and eating and toward evening 
became very weak without medication. Ergographic tracings showed 
definite improvement in muscle strength following the ingestion of a single 
dose of 10 mg. of guanidine hydrochloride per kilo of body weight. There 
was a less pronounced and less well sustained response to 0.5 mg. of prostig- 
min injected hypodermically. She was given 250 mg. of guanidine a day 
and later her dose was increased to 500 mg. Ephedrin and prostigmin were 
discontinued. A recent letter states that she experiences no difficulty in 
speaking or swallowing and does not feel tired at the end of the day. She 
feels much stronger when taking guanidine and wishes to continue using it. 

Case 2.— A 72-year-old man developed generalized weakness 4 years 
ago. Five months before admission he found that he had to hold his eyelids 
up with his fingers in order to see. Two months before admission he de- 
veloped difficulty in swallowing. He had stayed in bed for several months. 
Prostigmin, 5 to 6 tablets a day, brought about marked improvement. 
The patient had advanced arteriosclerosis and was greatly depressed by his 
own illness and the hopeless condition of his wife’s health. He was very 
uncooperative so that it was hard to evaluate the results of medication. 
Nevertheless, he was obviously much stronger when he took 325 mg. of 
guanidine hydrochloride and 3 15-mg. tablets of prostigmin daily. Shortly 
after he left the hospital his wife died and he committed suicide. 

Case 3.— A 58-year-old naval officer 4 developed typical myasthenia 
gravis 2 years before admission to the hospital. He had ptosis of the upper 
lids, difficulty in breathing, talking, swallowing and later in walking. He 
was treated with prostigmin. On several occasions when his supply of 
prostigmin was limited he almost suffocated. In December, 1939, he began 
to take guanidine hydrochloride, 250 mg. 5 times a day. together with 6 
tablets of prostigmin. He still had trouble eating his breakfast and at 
times could not speak clearly. In September, 1940, he came to this hospital 
where his dose was changed to 12 guanidine tablets of 125 mg. each and 
10 15-mg. tablets of prostigmin. He responded excellently for a while but 
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admission and later drooping of the lids, slowed speech and difficulty in 
chewing and swallowing. Definite improvement in muscular strength fol- 
lowed the administration of prostigmin. She was given guanidine. The 
doses were gradually increased up to 10 mg. per kilo per day. Her strength 
increased and speech and swallowing improved. She had a spontaneous 
remission during which she required no medication. In a later relapse 
guanidine again produced improvement. When she was tried without 
medication or when placebos were substituted for guanidine, she became 
too weak to do anything actively. At present guanidine has been adopted 
as the most satisfactory therapy. On an amount somewhat greater than the 
original 10 mg. per kilo of body weight she is able to carry on the activities 
of a normal child. It seems possible that the other 3 children in whom 
weakness was localized suffered from some other form of muscular weakness 
than that usually diagnosed myasthenia gravis. 

Discussion. Experience has reemphasized the need for indi- 
vidualization in determining both the total daily dose and the 
appropriate spacing of doses for a given person. Diabetics and 
myasthenics are alike in that once the proper program of medication 
is established frequent modifications are unnecessary. Some 
myasthenics are very weak in the morning and need a large fraction 
of their total medication early in the day; others go through the day 
fairly well and need their greatest “lift” in the evening. Some can 
take the daily ration of guanidine subdivided into as few as 3 doses 
with evenly sustained strength and no gastric distress. Others do 
much better with a greater subdivision of the total amount. In our 
experience, it requires about 10 days of close observation to work 
out a satisfactory therapeutic schedule. Once this is accomplished 
the patient may be allowed to follow' the plan independently with 
reasonable assurance that there will be no sudden change, either in 
drug requirement or tolerance. Either periods of weakness or 
gastro-intestinal unrest constitute signals that further adjustment 
of the treatment schedule is necessary. Two of the 3 patients we 
have treated for long periods require less guanidine now’ than at the 
beginning of treatment. The indication for decreasing their dosage 
was the appearance of mild gastro-intestinal symptoms and nervous- 
ness. We found that the dose could then be decreased to a level 
which no longer caused toxic symptoms without forfeiting the im- 
provement in muscle function. 

As we observe and compare the actions of guanidine and pro- 
stigmin in our patients it appears that guanidine gives a more 
sustained response. It perhaps never produces quite the feeling 
of well-being experienced at the height of prostigmin reaction and 
• is never followed by the sensation of sudden “let down” as the effect 
wears off. Given their choice, our patients all prefer guanidine 
with its constant, steady effect, with prostigmin us a “cocktail” 
before an occasional social function, or some unusual activity. 

We have no satisfactory explanation for the increased tolerance 
for guanidine exhibited by patients with myasthenia gravis. We 
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w. M. G., Case 5 of Original Paper. A 32-year-old woman who had had 
myasthenia gravis for over a year entered the hospital in August, 1938, in a 
relapse. In spite of prostigmin medication there were frequent periods 
during the day when she was unable even to swallow her saliva. She was 
started on guanidine medication, supplemented shortly with potassium 
citrate. Her required dosage was 40 to 45 mg. of guanidine per kilo of body 
weight. She was discharged markedly improved and by October was up 
and about the house most of the time. She did not feel extremely weak at 
any time in the 24 hours. She continued for 6 months to take the same large 
amount of guanidine hydrochloride, usually supplemented with 8 cc. of 
25% potassium citrate 3 times a day. At the end of this period she com- 
plained of diarrhea, intestinal cramping and nervousness. The daily ration 
of guanidine was decreased without impairment of muscle function. The 
undesirable Symptoms disappeared. _ During the last year 20 to 25 mg. of 
guanidine per kilo per day, intermittently supplemented with potassium 
citrate, has proved to be satisfactory therapy. She married a few months 
ago and leads a normal active life. A recent physical examination revealed 
no abnormalities attributable to her myasthenia or her medication. 

Other Physicians’ Cases. We have received reports of the treatment of 
21 cases of myasthenia gravis in which sufficient details were given so that 
one could form some judgment of the value of guanidine therapy. In every 
instance myasthenic symptoms were improved. In 4 cases guanidine was 
considered markedly beneficial. One man has taken guanidine for 5 months. 
If he omits the drug for 24 hours he cannot chew or swallow or get about. 
With daily medication he has no trouble. Three patients in England, all 
of whom were doing fairly well with prostigmin alone, now take 500 mg. of 
guanidine 3 to 4 times a day together with prostigmin. Their physician* 
feels that these patients are better on the combination of guanidine and 
prostigmin than on either drug alone, but that the response to guanidine is 
more sustained than that to prostigmin. One of his patients has had a rash 
for 3 months but is so pleased with the way she feels when taking guanidine 
that she is unwilling to omit it even for a few days in order to find out 
whether the drug is responsible for the rash. A fifth patient from California 8 
survived a severe relapse in which prostigmin alone was ineffectual. Sup- 
plementary guanidine was administered intravenously in doses which on 
some days exceeded 1800 mg. In a subsequent relapse massive doses of 
guanidine together with frequent injections of prostigmin were not effective 
and the patient died. The other 16 patients in the group all responded to 
guanidine with an increase in muscle strength but for one reason or another 
were not maintained on the drug or were not followed by their physicians. 
Three of them died of myasthenia or from some other cause; several were 
lost sight of; one could no longer obtain the drug because of high customs 
duties; and 3 discontinued medication because of nausea and vomiting or 
other unpleasant symptoms. In at least 2 of the latter patients the guani- 
dine dosage seemed to us to be poorly spaced, too large an amount being 
given at one time. Such a small group of case reports, in most of which the 
data are rather meager, does not lend itself to a satisfactory evaluation of 
guanidine in the treatment of myasthenia. Nevertheless, we are impressed 
by the following facts: in no instance did the patients fail to obtain sympto- 
matic relief and 4 patients responded admirably to guanidine treatment. 

At the Johns Hopkins Hospital 8 4 children on whom a diagnosis of myas- 
thenia gravis has been made have been treated with guanidine. The first 
3 patients have weakness of the muscles of the face, eyes, mouth and 
pharynx only. The weakness is remittent. For them guanidine is ineffect- 
ual. The fourth patient had easy fatigue and weakness for 4 months before 

* Personal communication. 
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PRIMARY CARCINOMA OF THE LIVER IN HEMOCHROMATOSIS. 
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(From the Departments of Medicine, Physiology and Pathology of The Jefferson 
Medical College and Hospital, and the Pathological Laboratories of 
the Philadelphia General Hospital.) 

The association of primary carcinoma of the liver with hemochro- 
matosis has been commented on by several authors. 1 - 9 - 13 - 14 ' n - 24 ~ 2S ' 2Sa - 31 
Little thought is given to them in clinical practice because both 
conditions are uncommon and the two together quite rare. In the 
vast majority of instances the diagnosis of either disease is first 
made only at the time of surgical exploration or at necropsy. In 
not a single instance, to the best of our knowledge, has a correct 
preoperative or premortem diagnosis been made when both were 
coexistent. It is our purpose in this communication to emphasize 
the frequency with which these morbid processes tend to be asso- 
ciated and to call attention to several features which, if duly con- 
sidered, may lead to a diagnosis of their coexistence. 

Incidence of Primary Carcinoma of the Liver in Hemochromatosis. 
From Jan. 1, 1920, to Dec. 31, 1940, autopsies were performed at 
the Jefferson Hospital on 3 cases of hemochromatosis, 2 of which 
had, in addition, a primary carcinoma of the liver. Autopsies on 
12 cases of hemochromatosis were performed at the Philadelphia 
General Hospital between Jan. 1, 1920, and Dec. 31, 1939. Only 
one of these was associated with a primary carcinoma of the liver. 
At these two institutions, therefore, out of 15 cases of hemochroma- 
tosis (11 males, 4 females) encountered in the course of routine 
postmortem examinations 3 (20%), were complicated by a primary 
hepatic malignancy. In Table 1 has been tabulated several reports 
which together survey the subject up to 1938. To them our own 
figures have been added. The average of these establishes the inci- 
dence of primary carcinoma of the liver in hemochromatosis as 7.3%. 

Advanced portal cirrhosis is almost invariably a feature in the 
liver in hemochromatosis. Evidence of such a cirrhosis was present 
in every case in our group. There are two contending views as to 
the incidence of primary carcinoma of the liver in hemochromatosis. 
Several authors state that the incidence is no greater than that in 
uncomplicated portal cirrhosis, 23 ' 26 - 250 ' 31 while others believe that 
there is an increased incidence due to the added factor of pigmenta- 
tion. 1 - 17 - 22 Of a total of 950 cases of cirrhosis of the liver of all 
types and grades occurring at the Jefferson and Philadelphia General 
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have shown 2 that myasthenic patients do not excrete unchanged 
any greater proportion of administered guanidine than do normal 
individuals. Neither do they tolerate without symptoms a per- 
sistently higher level of guanidine in the blood than do normal 
people. Wether their ability to ingest and retain guanidine is 
due to more rapid transformation of the drug to some non-toxic 
compound or to an ability to store it unchanged in tissue cells are 
questions which remain unanswered. 

The mechanism through which guanidine exerts its effect on 
muscle function in myasthenia gravis is not known. Neither is the 
essential mechanism responsible for the effectiveness of prostigmin 
completely understood. The duration of the improvement of muscle 
function following a dose of prostigmin coincides with the time 
during which the activity of serum choline esterase is markedly de- 
pressed by the drug. The presumption is often made that there is a 
causal relationship between the depression of esterase activity and 
improved function. The effect of guanidine hydrochloride on 
choline esterase activity has been studied . 1 No inhibitory effect 
was demonstrated even with much higher concentrations of guan- 
idine than can be maintained in the living animal organism. Recent 
studies by Osterhout , 5 working with simple forms, demonstrated 
that guanidine restores the potassium effect and irritability to cells 
of Nitella after these properties have been lost by leaching the cells 
in distilled water. More extensive studies of this nature probably 
offer the greatest hope of an ultimate explanation of the mechanism 
responsible for the dysfunction in myasthenia gravis and for the 
therapeutic action of various drugs. 

Conclusions. Guanidine hydrochloride causes temporary im- 
provement in muscle function in most patients with myasthenia 
gravis. Myasthenics have an increased tolerance to guanidine. 
Prolonged medication produces sustained improvement in muscle 
function without harmful effects. As a rule, less of the drug is 
required after several months of adequate medication. Individual 
attention is necessary to establish a proper schedule of medication 
but frequent readjustment of the guanidine ration is thereafter 
unnecessary. Guanidine, unlike prostigmin, does not inhibit the 
activity of choline esterase. It may play a fundamental role in 
restoring irritability to cells. 
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associated cirrhosis. Table 3 is a tabulation of a series of similar 
reports, including our own. The average of these indicates that 
cirrhosis is present in but 61.3% of all cases of primary hepatic 
carcinoma. 10 - 11 ' 15 - 21 It appears, therefore, that some factors in addi- 
tion to the cirrhosis must be instrumental in the production of 
malignant transformation of the liver in hemochromatosis. 

Diagnosis of Primary Carcinoma of the Liver in Hemochromatosis. 
Diagnosis is difficult when both primary carcinoma of the liver and 
hemochromatosis are coexistent because many of the clinical mani- 
festations of each are common to both. Several features, however, 
are far more common to primary carcinoma of the liver than to 
uncomplicated hemochromatosis and in their presence the clinical 
suspicion of coexistent disease is warranted. 

Duration of Sym ptoms. Hemochromatosis is notoriously a chronic 
disease of long standing. 5 - 12 - 26 It has been estimated that in order to 
account for the amount of iron retained, the onset of the disease 
must be dated back 30 to 50 years from the time a diagnosis is made. 
In 89 instances the average period that elapsed between the first 
calling of medical advice and death was 18| months. 26 The short- 
ness of this period was due to the large proportion of eases dying 
from diabetic coma in pre-insulin days, and there is now indication 
that it will be considerably lengthened through the use of insulin. 5 - 18 

Patients with primary carcinoma of the liver, on the other hand, 
rarely live more than 4 months after the onset of symptoms, 3 - 13 - 14 - 27 - 30 
even when the malignancy is found in association with hemochro- 
matosis.'-' 54 

Whenever, therefore, a known or suspected case of hemochroma- 
tosis presents a symptom complex of short duration and rapid pro- 
gression a complicating hepatic cancer should be suspected. 

Abdominal Pain. Subjective abdominal symptoms in hemochro- 
matosis are rare. 26 Abdominal pain is the commonest of these yet, 
excluding those with complicating carcinoma of the liver, pain was 
present in only 21 of the 311 cases reviewed by Sheldon. 26 Of our 
12 patients with hemochromatosis uncomplicated by malignancy 
pain was described by 3, and in 2 of these it was preagonal. 

Abdominal pain in patients with carcinoma of the liver is a promi- 
nent feature 13 - 11 - 27 (29% 13 ). In all 3 of our patients with both 
hemochromatosis and carcinoma of the liver, pain was present and 
was an outstanding complaint. 

The presence, then, of abdominal pain in a known or suspected 
case of hemochromatosis should arouse the suspicion that a malig- 
nant change may have occurred in the liver. 

Jaundice. In typical uncomplicated hemochromatosis, jaundice 
is rare. 1 * 26 Sheldon 26 found it mentioned only 7 times in 311 cases. 
Butt and Wilder 5 failed to find it in any of their 30 cases. It was 
noted, however, in 3 of our 12 patients with uncomplicated hemo- 
chromatosis. 
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Hospitals, 32 (3.4%) were complicated by the development of pri- 
mary carcinoma of the liver (Table 2). This incidence is to be 
compared with that of 20% of hepatic cancer in cases of hemochro- 
matosis at the same institutions (Table 1). 


Table 1. — Incidence of Primary Carcinoma of the Liver in Hemochromatosis. 


Author. 

Year. 

No. of cases 
of hemo- 
chromatosis. 

No. with 
primary 
carcinoma 
of liver. 

% primary car- 
cinoma of liver 
in hemo- 
chromatosis. 

Stewart 286 .... 

. . . 1931 

52 

6 

11.5 

Sheldon 29 

. . . 1935 

345 

20 

5.8 

Wellenweber, Binford and Laurence 31 1938 

24 

3 

12.5 

Berk and Lieber . 

. . . 1941 

15 

3 

20.0 

Average .... 



. 436 

32 

7.3 

Table 2.— -Incidence of 

Primary Carcinoma of Liver in Hepatic Cirrhosis. 

Author. 

Year. 

No. of cases 
of cirrhosis. 

No. with 
primary 
carcinoma 
of liver. 

% primary car- 
cinoma o! liver 
in hepatic 
cirrhosis. 

Blumenau 2 .... 

. . . 1921 

198 

7 

3.5 

Stewart 280 .... 

. . . 1922 

149 

4 

2.8 

Ophuls 53 

. . . 1926 

128 

8 

6.2 

Counsellor and Melndoe 8 

. . . 1926 

127 

5 

3.9 

Stewart 286 .... 

. . . 1931 

264 

9 

3.4 

Rosenthal 29 .... 

. . . 1932 

68 

7 

10.3 

Lynch 20 

. . . 1937 

11 

6 

54.5 

Loesch 19 

. . . 1939 

94 

12 

12.7 

Berk and Lieber . 

. . . 1941 

950 

32 

3.4 

Average .... 



. . 1989 

90 

4.5 


A series of reports on the incidence of primary hepatic carcinoma 
in cirrhosis of tire liver to which our own has been added is tabu- 
lated in Table 2. The average of these is 4.5%, which is in contrast 
with the average of 7.3% for the same complication in hemochroma- 
tosis (Table 1). 


Table 3.— Incidence of Cirrhosis in Primary Carcinoma of Liver. 


Author. 

Year. 

No. of cases 
primary 
carcinoma 
of liver. 

No. with 
cirrhosis. 

% cirrhosis 
in carcinoma 
of liver. 

Stewart 286 

1931 

295 

244 

82.7 

Tull 30 

1932 

134 

98 

73.1 

Strong and Pitts 29 . . . 

1932 

12 

11 

91.6 

Brines 4 

1933 

11 

2 

18.1 

Smith 27 

1933 

25 

9 

36.0 

Boyce and McFetridge 3 . 

1934 

28 

12 

42.8 

Lynch 20 

1937 

6 

6 

100.0 

Collenberg 7 

1937 

IS 

11 

61.1 

Gustafson 14 

1937 

62 

32 

51.6 

Loesch 13 

1939 

14 

12 

85.7 

Greene 13 

1939 

386 

(189) 

49.0 

Berk and Lieber .... 

1941 

82 

32 

39.0 

Average 

. 

. 1073 

658 

61.3 


Further perusal of our records showed a total of 82 cases of pri- 
mary carcinoma of the liver in only 32 (39%) of which there was an 
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weight in 11 such cases collected by Stewart 286 was 3369 gm. and 
in the 2 of our 3 cases in which it was noted the liver weighed 2000 
and 2570 gm. respectively. In consistency, the carcinomatous liver 
is stony-hard and its surface is frequently irregular and grossly 
nodular. In further contradistinction to the uncomplicated hemo- 
chromatotic liver, whenever there is a disproportionate enlargement, 
as by a massive solitary growth, the right lobe is more often affected 
than the left. 

The presence, hence, of a liver which is massive in size, particu- 
larly if it extends upward, and which is extremely hard in con- 
sistency and grossly nodular in character or whose right lobe is 
disproportionately enlarged, suggests carcinomatous involvement of 
that liver in an individual known or suspected to have hemochro- 
matosis. 

Diabetes Mellitus. An impairment in carbohydrate metabolism 
is one of the cardinal features of hemochromatosis. Diabetes melli- 
tus has been reported in S6.6 % s and glycosuria in 78 %.- 6 A marked 
instability of carbohydrate metabolism is characteristic of many of 
these individuals and in some it is manifested by an undue liability 
to hypoglycemic shock, particularly following the use of insulin. 26 

It is well known that in instances of previously existent diabetes 
mellitus, any damage to the liver, as from neoplastic infiltration, 
will not uncommonly cause a sudden amelioration of the severity of 
the diabetes. Recurrent hypoglycemia has been described in several 
cases of primary hepatic malignancy. 13 

A suspect or proven hemochromatotic with established diabetes 
mellitus, who displays a sudden amelioration of the diabetes and a 
liability to hypoglycemic intervals, should be viewed from the 
standpoint of possible neoplastic change in the liver. 

Fecer.So mention is made of fever in uncomplicated cases of 
hemochromatosis, so that it may be assumed that fever is either not 
seen or very unusual. 

Primary carcinoma of the liver, in contradistinction, is often 
associated with fever (14% to 47%). l0 - H - 27 ’ 30 

A persistent otherwise unexplained fever in a patient with known 
or suspected hemochromatosis requires that the possibility of cancer 
of the liver be considered. 

Anemia. The red blood cell count and the hemoglobin concen- 
tration in hemochromatosis are practically within normal limits and 
the disease is not characterized by an anemia. 26 

Primary carcinoma of the liver, on the other hand, is accompanied 
by an anemia in the majority of instances. 13 ' 14 127 

The presence of an anemia, therefore, in a known or suspected 
hemochromatotic is suggestive evidence of possible hepatic cancer. 

Leukocytosis. The white blood cell count and the differential 
count in hemochromatosis is essentially normal (average 7030 per 
e.mm.). : ‘ 
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More than half of all patients with primary carcinoma of the liver 
display jaundice at some time or other (34 to 72% 1 ' 10 ' 14 ’ 27 ' 30 with 
an average of about 52 % 13 ) . Two of our 3 patients with both hemo- 
chromatosis and hepatic malignancy were jaundiced, while Stewart 286 
noted it in 37.5% of 16 similar patients. 

Clinical jaundice in a known or suspected case of hemochroma- 
tosis is another finding which should arouse suspicion of malignant 
transformation in the liver. 

Ascites. Ascites is not uncommon in hemochromatosis, being 
seen in 10 % 5 to 22 % 26 of all cases. It was noted in 2 of our 12 un- 
complicated cases. Characteristically, however, it occurs as a ter- 
minal event. It is unusual for it to require frequently repeated 
paracenteses. In the absence of complications, the fluid is a clear 
yellow transudate. 

The incidence of ascites in primary carcinoma of the liver, by 
comparison, is much greater (45% to 80 % 10 ' 14 ' 27 ' 30 , with an average 
of about 66 % 13 ), even when the carcinoma is associated with hemo- 
chromatosis (all 3 of our cases and 80% of Stewart’s 286 15 cases). 
Since the disease is one of short duration, it also appears in what 
may be called the terminal phase. Because of the widespread car- 
cinomatous plugging of the intrahepatic branches of the portal vein 
the ascites tends to reaccumulate rapidly. In a considerable per- 
centage, also, the fluid is grossly bloody or serosanguineous. 

An ascitic collection which requires frequent and repeated para- 
centeses and which is sanguineous in character would justify a 
presumptive diagnosis of complicating hepatic malignancy in a 
known or suspected case of hemochromatosis. 

Condition of the Liver. Enlargement of the liver occurs so regu- 
larly in hemochromatosis (92%) that it is regarded as the most 
constant clinical feature of the disease. 26 Although it is usually 
considerable, the extent of the enlargement is variable. The weight 
of the liver in our 12 uncomplicated cases varied from 1200 to 
3170 gm., with an average of 2019 gm. In 6 (50%) it was said to 
be enlarged clinically. The organ feels harder than normal, but is 
not rock-hard. It is almost always smooth, though occasionally a 
fine nodularity can be felt. In some cases the left lobe appears to 
be particularly enlarged, a finding that is claimed to be characteristic 
of uncomplicated hemochromatosis. 1 

The liver which is the site of a primary carcinoma is likewise 
clinically enlarged in a great percentage of cases (70% to S4%) 14 - 27 . 
Characteristically, however, the liver tends to extend upward 13 • 29 ' 30 
so that the frequency with which it can be palpated (48 % 13 ) is a 
poor index of its enlargement. As a rule the actual increase in size 
is great, the average weight in one series being 3366 gm. 27 and in 
another 2950 gm. 30 Even when associated with hemochromatosis 
the carcinomatous liver is, on the average, a heavier and larger one 
than that found in uncomplicated hemochromatosis. The average 
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(4.5%) and is apparently due to other factors in addition to the 
cirrhosis of the liver found in hemochromatosis. 

2. The coexistence of a primary carcinoma of the liver in a known 
or suspected case of hemochromatosis is suggested whenever any or 
all of the following occur: a symptom complex of short duration 
and rapid progression; abdominal pain; jaundice; a rapidly recurring, 
sanguineous ascites; a markedly enlarged liver which extends up- 
ward and is extremely hard and grossly nodular; sudden ameliora- 
tion of the diabetes and/or liability to hypoglycemic intervals; fever; 
anemia; leukocytosis; weight loss; evidence of metastatic involve- 
ment, especially of the lung. 

3. Early diagnosis and prompt attempt at surgical removal of the 
neoplastic process is the only procedure of any avail. 
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Existence of a positive water balance in women during pregnancy 
has long been assumed. The increased turgidity of the skin, along 
with the frank edema noted with certain toxemias, provided such 
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The white blood cell count in primary hepatic cancer is variable 
but tends toward the high side (average 10,900 u with a range from 
2800 to 44,000 cells per e.mm. 13 ). 

In the absence of a demonstrable septic complication, a marked 
leukocytosis in a known or suspected case of hemochromatosis 
would advance malignancy of the liver as one of the explanations. 

Loss of Weight. Loss of weight in hemochromatosis is not uncom- 
mon, principally because of the frequency with which diabetes mel- 
litus occurs. Loss of weight from non-diabetic causes is unusual. 28 

As is generally true of neoplasia, primary carcinoma of the liver 
is often accompanied by loss of weight (41 %). 13 

Whenever a known or suspected hemochromatotic shows an ex- 
orbitant weight loss without corresponding evidence of an increase 
in the severity of the diabetes which may be associated, then 
thought must be given to the possibility of malignant transformation 
in the liver. 

Metastases. The ability to demonstrate a neoplastic metastatic 
involvement is, of course, proof positive that a known or suspected 
hemochromatotic process is at least complicated by neoplasia. In 
view of the preponderance of primary malignancy of the liver in this 
disease, first thought must be given that organ as the primary site. 286 
It must be remembered in this respect that primary carcinoma of 
the liver characteristically shows distant metastases much less fre- 
quently than does carcinoma elsewhere. The lungs and the regional 
lymph nodes are the most frequent sites of extrahepatic metastasis, 
the former being involved in from 18% to 28%. 6,10,13,14,19 

Metastasis to the lungs, therefore, would support suspicion of 
the liver as the primary site but failure to demonstrate metastasis 
would not exclude primary neoplasm of the liver if other evidences 
suggested a complicating malignancy. 

Comment. Detailed consideration of the features that might lead 
to a correct diagnosis of so rare a combination as primary carcinoma 
of the liver and hemochromatosis might appear commendable aca- 
demically but useless practically. In fact, the attitude, generally 
adopted toward primary carcinoma of the liver, no matter with 
what it may be associated, is one of dismay and hopelessness. It is 
well to recall that the disease is amenable to surgical extirpation in 
some instances providing the diagnosis is correctly established with- 
out undue delay. Even the early attempts at operative correction 
yielded a surprisingly high percentage of recoveries 16 and more 
recent efforts are achieving even greater successes. 6 No matter 
how unusual the situation, an early diagnosis of primary carcinoma 
of the liver must be sought and its surgical removal considered as 
the only therapy of any avail. 

Conclusions and Summary. 1 . Primary carcinoma of the liver 
occurs with surprising frequency in hemochromatosis (7.3%). The 
incidence appears to be greater than in uncomplicated hepatic cirrhosis 
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sodium balance in the latter part of pregnancy and concluded from 
his careful study that after proper allowance was made for other 
allocations of water, no considerable maternal superhydration was 
found. 

Plan of Study. These studies on water balance were conducted on 
2 women. One of these (H. R.) served as subject over 10- and 11-day 
observation periods in the fourth and eighth months of pregnancy respec- 
tively. Her basal metabolic rate, in the first experiment was —17%, but 
she seemed normal in all other respects. The other subject (D. Y.) had a 
blood pressure of 152/88, and slight ankle edema. Her urine contained a 
trace of albumin. On this second subject the study was terminated after 
5 days, during which time complete data were obtained, because of the 
onset of labor at term. 

On admission complete physical and laboratory examinations were done. 
During a preliminary 3-day period the subjects became accustomed to the 
rigid daily routine especially that relating to diet and elimination. After 
this, the actual determinations were begun. Nurses especially trained for 
this type of study were in almost constant attendance. Only simple bed- 
room diversions were permitted the subjects. The temperature, humidity, 
and restricted activity were of such character as to preclude visible perspira- 
tion, thereby reducing variables to a near minimum. 

The daily diet in each experiment consisted of the following: 


Distilled water 2500 gm. 

Powdered whole milk 252 “ 

Lactose 36 “ 

Chocolate malted milk 20 “ 

Graham crackers 50 “ 

Tomato juice 400 “ 

Dextrin 20 “ 

Sucrose 10 “ 

Sodium chloride, 10% sol 30 cc. 


All the foods came from containers having the same lot numbers. Save 
for the Graham crackers, all food was pooled and given in fluid form from 
sealed refrigerated reservoirs holding sufficient quantities for the entire 
experiment. This diet provided, by analysis, approximately protein, 
70 gm.; fat, 77 gm. ; carbohydrates, 230 gm.; calcium, 2.17 gm.; phosphorus, 
1.86 gm.; iron, 0.005 gm., and was calculated to yield 1948 calories. Since 
the measured diet consumption was precisely the same from day to day, 
the need for repeated analyses was obviated. 

The study periods began and ended at 8 o’clock on consecutive mornings. 
At this hour, and after voiding, but before breakfast, the subjects were 
weighed to within 10 gm. Blood samples were then taken as needed. 
Quantitative meals and distilled water were given at regular intervals, i. e., 
8.30 a.m., 1.30 p.m., and G p.m. Care was taken that the entire diet, with 
rinsings from the dishes, was consumed at each meal. At the end of each 
experimental period, venipuncture was again performed after final weighing. 

Collection of Excreta. The urine was passed directly into a receptacle 
packed in ice and containing 10 cc. of glacial acetic acid. Aliquots from 
the mixed 24-hour specimen were analyzed for sodium, potassium, and 
nitrogen. The stools were marked with carmine at the beginning and end 
of each experimental period, and stored in a vessel containing 10 cc. of 
glacial acetic acid and a measured quantity of distilled water. This mix- 
ture was subjected to thorough mechanical agitation and sampled for 
analysis. Since the stools were irregularly passed, the constituents were 
pro-rated on a daily basis. 
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apparently ample though crude evidence of water storage that more 
critical proof seemed superfluous. More subtle corroboration of 
this assumption was furnished by the observation of an inordinate 
gain in weight and, at times, of a diminished urinary output. 
De Lee 4 has said that edema occurs in half of all pregnant women. 
And, if one adverts to the statement of Wiggers 21 that a 10% in- 
crease in the fluid content of tissue is a prerequisite to its pitting, 
and to one of Gottlieb 6 that large amounts, as much as 6000 cc., of 
edema fluid may be present in the body without visible evidence 
of edema, one can appreciate the almost syllogistic relationship 
which has been implied between pregnancy and water retention. 

It might seem that measurement of water entering and leaving 
the body were an elementary arithmetical problem. Unsifted esti- 
mates which take cognizance only of water taken in as such and of 
the urine passed, ignore not insignificant quantities of water con- 
tained in solid foods such as meat, bread and potatoes. Further- 
more, after many foods are metabolized their end-products leave 
the body largely as water. With fats, the water formed by oxida- 
tion may actually weigh more than the fats ingested. Such water 
should be regarded as intake. The insensible water loss from lungs 
and skin has also often been excluded from reckoning, as has been 
the moisture of the stools. Furthermore, a given volume of urine 
should not be regarded as representing an equivalent quantity of 
water. That this is true was rather convincingly demonstrated in 
one of the experiments herein described in which one subject elimi- 
nated over a period 7 times as many solids, by weight, in the urine 
as in the stools. 

The understanding of water metabolism in pregnancy may tran- 
scend academic interest and become a matter of clinical importance, 
especially when treatment may depend on one of the current views 
held on the etiology of toxemia. In 1917 Zangemeister 23 proposed 
the idea that cerebral edema might cause eclampsia. This general 
concept is supported by Arnold and Fay, 1 who hold that water 
imbalance may produce symptoms not peculiar to eclampsia alone, 
but also to other disturbances caused by cerebral edema and in- 
creased intracranial pressure. Attention has been called to the 
similarity of eclamptic convulsions and those produced in animals 
by the forced administration of water. Failure of the body to 
eliminate excessive accumulation of water may produce such symp- 
toms as muscle tremors, tonic and clonic convulsions, stupor, and 
death. 21 Clinical studies by McQuarrie 9,10 indicate that dehydra- 
tion favors the cessation of epileptic seizures, while superhydration 
favors their recurrence. That symptoms of water intoxication are 
associated with disturbances in salt equilibrium and diminution in 
electrolyte concentration, was shown by Rowntree 16 who noted that 
these symptoms are mitigated by adequate salt administration. 
More recently Freyberg 5 described parallel shifts in body water and 
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Results. The data are presented in a series of figures which are 
largely self-explanatory. The amount of insensible water loss and 
the completeness of oxidation of foods was not ascertained. Actual 
total energy expenditure was not measured. Values assigned for 
water of oxidation and for vaporization, although they cannot be 
specifically applied, tell quite approximately what values may be 
assigned to these factors. Different methods of computation will 
accordingly give varying figures, which, for comparison, are graphi- 
cally illustrated. 

Data 01 1 a Typical Case. The first day of Experiment I (Subject 
II. R., 4 months’ pregnant) may serve as a prototype. The diet 
contained 2500 gm. of distilled water. An additional 409 gm. of 
water were furnished by the moisture of the foods, largely from the 
tomato juice. Oxidation of the food provided another 250 gm. of 
water. The total water available for the day accordingly was 
3159 gm. During this same 24-hour period the urine contained 
2371 gm. of water. The pro-rated moisture content of the stools 
for that day was 81 gm. By applying the table of Benedict and 
Root, the expected insensible perspiration corresponding to a heat 
production of 1948 calories was assumed to be about 1128 gm. 
The balance between fluid intake and output can be summarized 
by Formula 1 as follows: 


A {Intake). 


B {Output). 


Water in diet 

2500 gm. 

Water in urine . 

2371 gm. 

Moisture in food 

409 “ 

■Water in stools . 

81 “ 

Water of oxidation . 

250 " 

Insensible perspiration . 

1128 “ 

Total water available 

3159 “ 

Total water lost . 

3580 “ 


Water apparently retained (A — B) = —421 gm. 


By applying Johnston’s and Newburgh’s estimate that evapora- 
tion of water from the skin and lungs will dissipate about 28% of 
the heat produced, the total output of water is calculated to equal 
3392 gm., giving a balance of —233 gm. 

Another method for calculating the insensible perspiration as 
suggested by Bassett and McQuarrie is noted by Formula 2 as 
follows: 


.4 {Intake). 

1st ii' t. of subject . 53,280 gm. 
Wt. of food and water . 3.320 “ 


50,000 “ 


B {Output). 

2d wt. of subject . . 53,210 gm, 

Wt. of urine . . . 2,488 “ 

Wt. of stool . . . . 116 “ 


55,814 


Insensible water loss (A— B) = 7S6. When this amount, 78G gm., 
is added to the water of the stools and urine (see Formula 1), the 
total water loss becomes 3238 gm. This amount, on subtraction 
from the total fluid intake of 3159 gm. accounts for a negative 
water balance of 79 gm. for the day. 
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Analytical Methods. Water content of the food, urine, and stools were 
determined by desiccation to constant weight. Nitrogen was determined 
by the Kjeldahl method. Protein was regarded as N x 6.25. ’ Analyses 
for carbohydrates and fat were not done by us, but their values were com- 
puted from data supplied by the manufacturers of the foods. Sodium and 
potassium were determined by methods described by the authors 19 in a 
related experiment on electrolyte metabolism in pregnancy. 

Available water was regarded in this study as coming from two 
sources: 1, water taken in as such, and contained as moisture in 
the foods; 2, water of oxidation. Newburgh and Johnston 13 have 
suggested the “preformed water” as another source of water. 
Peters and Lavietes 11 have, however, questioned the validity of the 
inclusion of this preformed water in the calculations, believing that 
there is little evidence that water is physically or chemically com- 
bined with protein, carbohydrates, or fat. The computations of 
water exchange here given are quantitative estimates based in part 
on analyses capable of accurate measurement and in part on indirect 
calculations. Some 60 gm. of water are liberated by oxidation of 
100 gm. of carbohydrate, and 41 and 107 gm. of water become 
available from like amount of protein and fats respectively. An 
average mixed diet of some 3000 calories might then be expected to 
yield some 2000 cc. of actual water. 21 Total water loss, in addition 
to the water in the urine and stools, includes that lost insensibly 
through the lungs and skin. Rather elaborate equipment is required 
to measure accurately and directly this latter fraction under the 
conditions of ordinary life. Soderstrom and Du Bois 18 reported 
that if 0.584 calorie are required to vaporize 1 gm. of water at 
22° to 24° C., about 24% of the total heat produced by the body 
is dissipated- in the evaporation of water from the skin and lungs. 
These investigators found that few normal men varied more than 
10% from this figure. Johnston and Newburgh 7 give a slightly 
higher value, viz., 28%, as the fraction of heat lost from the body 
by vaporization. Benedict and Root 3 have prepared tables showing 
such a close relationship between basal metabolism and basal insensi- 
ble water loss that either one can be estimated from the other. 
Under certain conditions there is a high correlation between total 
weight change and the insensible water exchange. Thus, Man- 
chester and associates 11 regarded the total insensible water loss for 
a period as representing the difference between body weight at the 
beginning of the period plus the weight of all ingesta, and the 
weight of the body at the end of the period plus the weight of the 
excreta. Bassett and coworkers 2 estimated the insensible loss of 
water by correcting the difference between items of intake and out- 
put for the net change in weight of the subject during 24 hours. 
Rockwell 15 has also presented data illustrating the close correlation 
between water balance and changes in body weight when there are 
no complicating factors of food storage. 

VOL. 202, NO. 5.— NOVEMBER, 1941 24 
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Newburgh and coworkers have given the following constants for 
determining oxygen absorbed and carbon dioxide given off in the 
oxidation of a diet: 

Oxygen. Carbon Dioxide. 

Multiply grams of protein byl.3S Multiply grams of protein by 1.46 

Multiply grams of fat by2.S6 Multiply grams of fat by2.7S 

Multiply grams of carbohydrate by 1 .13 Multiply grams of carbohydrate by 1.54 

For Formula 3, the weight of oxygen absorbed in the oxidation 
of the diet (579 gm.) is added to the intake column, and the •weight 
of the carbon dioxide liberated (674 gm.) is added to the output 
column of Formula 2. This method of calculation will give 691 gm., 
as the allotment for the insensible water loss, an amount so much 
less than that calculated by the previous methods that for this day 
the water balance is regarded as +16 gm. 

Because of the close relationship between electrolyte and water 
metabolism, a consideration of either alone is incomplete. Wiley 
and associates- have shown that sodium and potassium retention is 
accompanied by water retention. Tisdall 20 found that the bases, 
excluding calcium, and water leave the body in approximately the 
proportion in which they exist in the plasma, and has suggested the 
application of this relationship for the estimation of water exchange 
from the determination of base balance. Lavietes el al , 8 has devel- 
oped equations based on the thesis that base tends to distribute 
itself in the fluid media of the body in a fixed proportion to water. 
His equation is incorporated in Formula 4 in the present study and 
is as follows: 

b + WI X AB 

AW = 

B: 

in which AAV = water exchange 
b = net gain or loss of Na + K by the body 
Wl = vol. of water in body at start of study period 
AB = change in concentration of base in the water of the serum 
B: = concentration of Na and K in the water of the serum at conclusion 
of study period 

This formula in contradistinction to the other formulas was not used 
in computing daily retentions of water, but for the retentions over 
the entire period of study. 

The net or accumulative water balances for the entire metabolic 
study period are shown in Table 1 . 

Table 1„— ‘ Water Balance (Gm.). 

Nitrogen Weight 



Form. X. 

Form. 2. 

Form. 3. 

Form. 4. 

balance. 

gm. 

changes, 

gm. 

Exp. I: 

— 3617.53 

— 3S0 20 

+465 33 

+ 1960 

-4.96 

-90 

Exp. II: 

-15S0.10 

-157.15 

+ S13.77 

+ 1590 

+2 56 

+ 1S0 

Exp. Ill: 

— 759 SO 

-1526.90 

-1053.25 

+ 1200 

-10 21 

-570 


It will be noted that wide but consistent diversities in results 
follow the application of the different formulas. In Experiment II 





722 POMMERENKE, THOMPSON: WATER METABOLISM IN PREGNANCY 

A change in the habits of the subjects from those associated 
with household duties to the sedentary life in the ward, may have 
contributed to the results obtained. Certainly longer periods of 
observation would be desirable. Information concerning the influ- 
ence of different levels of fluid, salt, nitrogen, and caloric intake on 
water retention is still limited. As yet unknown factors must 
modify the need for water storage. Marshall 12 has stated that 
physiologic variations in water content in man may vary as much 
as 2 kilos. 

Subject H. R. received practically an identical diet in Experi- 
ments I and II. Yet during the eighth month of pregnancy, when 
she weighed some 4 kilos more than she did during the fourth 
month, she gained more in weight and nitrogen and, save for com- 
putations by Formula 4, also gained more in water. In Experi- 
ment III the subject had mild symptoms of toxemia with some 
edema at the beginning of the 5-day observation period, which 
ended when the patient went into labor. Extreme caution is neces- 
sary in drawing conclusions from this experiment. To what extent 
the weight loss of 570 gm. may have represented merely that which 
quite commonly precedes labor or that caused by the unloading of 
water caused by diarrhea is not known. When Formula 4, the 
formula which seeks to relate water balance to mineral balance and 
concentration is applied, it yields results quite out of proportion 
and in excess to those expected. It would seem unlikely that sub- 
jects losing 90 and 570 gm. in weight would be depositing 1960 and 
1200 gm. of water respectively over the same period of time. 

Summary. Credible clinical evidence of water storage in certain 
toxemias of pregnancy is supplied by edema and inordinate gain in 
weight. Water made available includes not only that taken as such 
or incorporated with food, but also that liberated by the various 
oxidation mechanisms within the body. Water loss in the stools 
and urine can be measured accurately, but the insensible loss from 
the skin and lungs, a very appreciable fraction of the total loss, is 
difficult to measure directly, but must be reckoned with. Under 
limited conditions this insensible water loss can be estimated from 
the weight loss, but allowance should be made for 0 2 absorbed and 
CO. given off. A correlation between insensible water loss and the 
basal metabolism has been mentioned. Another method for esti- 
mating water balance rests on the thesis that bases and water leave 
the body in the approximate proportions in which they exist in the 
plasma. 

Several formulas for the determination of water balance in 3 con- 
trolled experiments on 2 pregnant women have been applied. Even 
though each formula possesses a degree of merit, there is no con- 
stancy or trend among the results derived from the various formulas. 

Conclusions as to water gain or water loss in these experiments 
are inconclusive and depend upon whatever formula is accepted. 



POMMERENKE, THOMPSON: WATER .METABOLISM IN PREGNANCY 721 

the computed water balances range from —1580 to +1590 gm. 
During this period the subject gained 180 gm. in weight and de- 
posited some 2.56 gm. of nitrogen. The disparity between weight 
changes and the calculated water balances for the metabolic periods 
hardly lends credence to the claim that a gain or loss of body weight 
necessarily corresponds closely to water balance. Obviously, other 
factors than those recorded come into play. 



Chart 3.— Showing water balances in Experiment III. Subject D.V., at term. 


The diet used in these experiments is believed to have been 
adequate. A period of adjustment to a new type of diet may, 
however, be required before a significant response may be expected. 
Attention is drawn to this point by Sherman: 17 “That when the 
body is accustomed to a certain rate of protein metabolism, it 
requires an appreciable length of time to adjust itself to a materially 
higher or lower rate. Hence the rate of protein metabolism on any 
given day will depend in part upon the rate of metabolism to which 
the body has been accustomed and in part upon the protein intake 
for the day.” If this is true for proteins, could thought be given 
to the idea that the conclusion may also apply to bases and to water? 
Perhaps the 5- to 11-day observation periods were too brief to per- 
mit the establishment of a definite response. Within that time no 
consistent trend of body weight was perceptible in our subjects. 
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vehicle, with all its potentialities as a lethal weapon, the situation 
takes on quite a different aspect, and little as we may be concerned 
with the final repository of his soul we have a genuine concern for 
his activities at the wheel. He presents a menace on the highway 
in the face of which no amount of precaution, superior equipment, 
or skill on the part of sober users of the roads may prevail, with tlie 
result that when he comes to grief the innocent must suffer with 
the guilty. Nor is he dangerous only when driving; as a pedestrian 
he also presents a serious problem by his presence on the road, 
not so much for his own safety, which one might be inclined not to 
value too highly, but because motorists in seeking to avoid striking 
him may precipitate themselves into another vehicle. 

For these reasons, it is essential that the attitude of society, and 
its agency of enforcement, the law, be reformed regarding the 
offense variously entitled drunkenness, intoxication, and being under 
the influence of intoxicating liquor. However one may feel about 
society’s responsibility for an individual’s moral conduct, there can 
be no question about the necessity for safeguarding the lives and 
property of those with whom he comes in contact, even though it 
may entail certain restrictions of his activity. There thus arises 
the concept that a degree of alcoholic intoxication which need not 
cause an offense against society when the inebriate is in his own 
home may present a definite hazard to the public weal when he is 
on the public highway, either as the driver of a motor vehicle or as 
a pedestrian. The removal of such an individual from a position in 
which he endangers himself and others cannot be considered an 
infringement of personal liberty, but must be regarded as a depriva- 
tion for cause of certain special privileges. 

We have been engaged in an experimental study of the relation 
of blood alcohol concentration to driving abilities, in an endeavor 
to work out some practicable yet just method for apprehending and 
convicting those individuals who present a hazard on the road 
because of indulgence in alcohol, and even more important to pro- 
vide unbiased factual data for use in educating the driving public 
to a realization of the dangers of drinking and driving. In a pre- 
vious study we 5 showed that the effect of a given concentration of 
blood alcohol on performance of tests related to driving skill varied 
greatly from one individual to another, and that while there was a 
very definite tendency for those individuals with higher blood alco- 
hol concentrations to show the greatest impairment of driving skill, 
this was by no means universally true. Since driving skill depends 
not on a few but rather on many component abilities, we felt it 
desirable to extend the studies by a consideration of the various 
factors involved in vision. 

To this end a series of 50 drivers, 35 men and 15 women, were 
secured as volunteers from the general public and given a battery 
of 7 tests before and after taking alcohol. The dose of alcohol was 
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Although quantitative accuracy is not claimed, since various 
components of these formulas are based on assumptions, it is never- 
theless felt that a study by these formulas promotes an understand- 
ing of the interrelated physiologic principles underlying water 
metabolism. 
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A large proportion of the research in alcohol during the past 
decade or so has been inspired in some degree by the increasing 
importance of the diagnosis of inebriation. Before the advent of 
popular use of the automobile, the hazards of drunkenness were 
largely confined to the inebriate and possibly his immediate family 
and associates. So long as he confined his activities to falling in 
stupor in the gutter, or throwing his boots at his wife’s head when 
he returned home, he did not present an important threat to the 
public safety, and what efforts were made to curb his course were 
most often directed to saving his soul. 

_ Now, however, when there is a fair probability that at some 
time during his debauch he will find himself in control of a motor 
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Depth Perception. Depth perception was tested by the Key- 
stone Telebinocular using the depth perception slide. This is a 
10-line chart, each line representing 10%. A drop of 10% was con- 
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sidered significant, and a drop of 20% a major change. Eighteen 
per cent of the subjects showed at least a 10% change, and 12% 
showed 20% or more decrease. 
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less strictly controlled than in the previous study, a basic dose of 
an ounce of whisky for each 30 pounds of body weight being required 
of all subjects, with the option of more if desired, the whole dose 
being consumed in from 15 to 30 minutes. This variation in dose, 
coupled with the fact that some of the subjects were not in a fasting 
state, accounted for the considerable range of blood alcohol con- 
centrations apparent in Figure 1. We were thus able to study the 
effect of a wide variety of blood alcohol concentrations, at the 
expense of not having a large number of cases at any one concen- 
tration. 

A choice of a good commercial brand of Scotch or Bourbon whisky 
of approximately 90 proof, diluted as desired with carbonated 
water and cooled with ice, was provided, and the drinking was done 
in a social atmosphere. Thus the drinking situation was a fairly 
normal one, with a minimum of tension due to the test situation. 

The tests were such as to require the minimum of instruction 
and to show the least effect of practice, as will be evident from 
their description. About 10 minutes were required for their admin- 
istration. The subject was given the tests just prior to drinking, 
and again 45 minutes after drinking was completed, so that absorp- 
tion in most cases was practically complete and a maximum blood 
alcohol concentration achieved at the time of the second testing, at 
the end of which period a sample of venous blood from an arm 
vein was taken for alcohol analysis, using the method of Newman. 4 

The results on all the tests, and the blood alcohol concentrations 
achieved by each subject, are shown graphically in Figure 1. We 
will now describe each test, the criteria of scoring, and the results 
obtained, and then proceed to a discussion of the results. It should 
be noted that in reporting the results, major changes in performance 
are indicated by a separate figure, while the figure for significant 
changes includes these major changes as well as important minor 
changes. 

Visual Acuity. Visual acuity was tested in each eye separately 
by the Keystone Telebinocular instrument, using the slides for 
acuity measurement. The 100% mark on this instrument is equiva- 
lent to 20/20 on the Snellen chart. A drop in acuity of 5 % was con- 
sidered significant, and a drop of 20% a major drop. In this con- 
nection, it should be noted that a drop from 100% to 80% is equal 
to a drop from 20/20 to 20/45 on the Snellen chart. Seventy per 
cent of the drivers showed a significant decline in visual acuity, 
while 22% showed a major drop of 20% or more, the major changes 
increasing with the alcohol concentration. It was more than twice 
as likely that one eye would be affected than both, the left eye being 
affected twice as often as the right. As alcohol concentration 
increased, the tendency was for both eyes to be affected. Most 
significant was the fact that the deficient vision was rarely recog- 
nized by the subject. 
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siderable intensity flooding the subject’s field of vision when turned 
on. With this light off, the subject identifies the position of the 
arrow. It is then withdrawn from the field of vision and the head- 
light turned on, its intensity being gradually increased over a period 
of 20 seconds to a constant intensity, held at this level for an addi- 
tional 20 seconds, and then extinguished abruptly. The arrow is 
returned to its original position in the box, pointing in a different 
direction, and the time required for the subject to correctly report 
its direction recorded with a stop-watch. A change of 5 seconds 
or more in recovery time was considered significant, and a change 
of 15 seconds a major change. Forty-two per cent of the drivers 
showed significant adverse changes, and 20% major adverse changes. 
It should be mentioned in this connection that in a number of cases, 
particularly those with an initially good performance, an improve- 
ment in recovery from glare was noted. This is in accord with 
experimental work done elsewhere, 1,2 ' 6 which demonstrated that the 
improvement was due to liberation of vitamin A from the liver by 
the alcohol. Of the subjects tested, 30% showed a significant 
speed-up in recovery time, and 12% showed a major improvement. 

Discussion. The only similar experimental study, with the excep- 
tion of the work on dark adaptation already noted, was reported by 
Colson 3 in 1940. He tested 21 subjects for visual acuity, near 
vision, color vision, fields, muscle balance, and dark adaptation 
after administration of from 8 to 20 ounces of whisky. No deter- 
mination of blood alcohol concentration was made. He found no 
change in acuity, near vision, or fields. If dark adaptation was 
initially normal, no change occurred; but if poor, it decreased. 
There was a shift in muscle balance, original exophoria becoming 
esophoria and vice versa. These negative findings are not entirely 
in accord with our work, while the failure to find improvement in 
dark adaptation in some cases, as found both by ourselves and 
other workers, is hard to explain. 

From the data which we have presented, it can readily be seen 
that alcohol is capable of producing changes in all the components 
of vision tested by us. That all components are not affected in the 
same individual is amply demonstrated by Figure 1, which shows 
the distribution of major and significant changes in the various 
subjects. Also, although there is evident an obvious tendency for 
individuals with higher blood alcohol concentrations to show more 
changes, particularly major changes, this is far from true in every 
case. To elucidate this point further, the subjects were divided 
roughly into 3 groups on the basis of blood alcohol concentration. 
The first group, which we will call “mild concentration,” consisted 
of 13 individuals with blood alcohol concentrations under 101 mg. 
per 100 ec.; the second group, “moderate concentration,” consisted 
of 24 subjects with blood alcohol values from 101 to 125 mg. per 
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. Distance Judgment. Distance judgment was tested with the 
Army Rod Test at a distance of 20 feet. A series of 4 trials was 
given, and the worst of these, exclusive of the first trial, was taken 
as the standard of performance. A decrease in ability after drinking 
of over 4 inch was considered a significant, and a decrease of over 
1 inch a" major change. On this test 48% showed significant and 
18% major decreases. 

Lateral Fields of Vision. The subject’s ability to see to the 
side while looking straight ahead was tested by means of the Brom- 
bach Perimeter. A white target, § inch in diameter, was used, and 
the measurement taken at the point of awareness of the target when 
moved slowly toward the center, so that mass fields rather than form 
or motion fields were secured. A decrease of 3 degrees or more 
from the non-alcoholic level was considered a significant change, 
while a 10 degree decrease was a major change. Sixteen per cent 
of the drivers showed significant decreases, while but 1 showed a 
major change. 

Eye Coordination. The balance and fusion of the eyes was 
tested by using the Keystone Telebinocular with slides for measur- 
ing fusion, vertical balance, and lateral balance. In all tests with 
this instrument the driving range, at 20 feet or more, was used. 
In this test, experience and judgment had to be employed in rating 
the deficiencies. If a significant change took place in 2 or more of 
the components, or if fusion could not be accomplished, a major 
change was recorded. After alcohol, 54% of the subjects showed 
significant changes, 18% major changes. 

Glare Resistance. The ability to resist glaring headlights and 
to see objects in the darkness beyond them was tested by means of 
apparatus developed by the Division of Drivers Licenses and the 
College of Engineering, University of California at Berkeley. In 
brief, the subject, on looking into a darkened box, gazes down a 
roadway. He sees the headlights of an approaching car directed 
straight at him, remaining fixed in position and intensity. In the 
box, directly below the subject’s eyes, is a controllable beam of 
light representing his headlights. This beam can be varied in 20 
steps of intensity, and the intensity at which he can just discern a 
white shape beside the approaching headlights is considered the 
index of glare resistance. A drop of 2 steps or more was considered 
a significant change, of 3 steps a major change. 

Glare Recovery. The speed of recovery from glaring lights 
was measured by means of a glare recovery test built by Dr. C. W. 
Brown, Dept, of Psychology, Univ. of California, at Berkeley. In 
this apparatus the subject gazes into a darkened box and, by the 
illumination of a small constant pilot light, is able to tell the direc- 
tion in which an arrow controlled by the examiner is pointing. 
Back of the arrow is set the lens, reflector, and bulb of an auto- 
mobile headlight so arranged as to produce a diffused light of con- 
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from glare increased from 51 to 13S seconds, and he became unable 
to fuse on eye coordination. 

Subject B showed a blood alcohol concentration of 191 mg. per 
100 ee., far above the 150 mg. per 100 cc. standard, and almost 
twice that of Subject A. Yet the only change he showed in the 
tests was an increase in time of recovery from glare from his original 
excellent performance of 24 seconds to a final performance of 34 
seconds, still within the normal range. There was no evidence from 
any of the tests that he was unable to drive a car in the manner of 
an ordinarily prudent and cautious person in full possession of his 
faculties, yet he would have stood convicted of drunken driving 
under the 150 mg. per 100 cc. standard proposed by the National 
Safety Council, no other evidence than his blood alcohol concen- 
tration being necessary for this conviction. On the other hand, Sub- 
ject A, with marked impairment in the majority of the tests would, 
because of his much lower blood alcohol concentration, have to be 
proven guilty on the basis of other evidence, and would have the 
privilege, denied to Subject B, of defending himself against the 
charge. It seems to us that these 2 cases, selected from a very 
small material, are amply indicative of the injustice of setting up, 
in the light of our present limited knowledge, any minimum standard 
of blood alcohol concentration, the exceeding of which would con- 
stitute i irima facie evidence of intoxication, or of using blood alco- 
hol concentration as the sole criterion of intoxication. Rather let 
us retain the undoubted benefits of the chemical diagnosis of intoxi- 
cation in revealing the minimum amount of alcohol a suspect has 
consumed and indicating, in conjunction with other evidence, the 
probability of intoxication having existed, than destroy the value 
and credibility of the whole procedure by ascribing to it an infalli- 
bility which it does not possess. 

Summary and Conclusions. Fifty drivers were each given 7 tests 
concerned with vision before and after imbibition of alcohol in a 
dose of at least an ounce of whisky for each 30 pounds of body 
weight. The resultant concentrations of alcohol in the blood varied 
from 58 to 218 mg. per 100 cc. 

In every case with a concentration over 115 mg. per 100 cc. a 
significant change in at least one of the tests was found. The 
greatest number of changes occurred in visual acuity, the smallest 
in field of vision. 

Although there was a definite tendency for those with the higher 
blood alcohol concentrations to show more changes, this was far 
from true in every ease. 

These findings support the contention that there exists a consid- 
erable individual variation in tolerance to a given concentration of 
alcohol in the blood, and indicate the importance of recognizing 
the limitations of blood alcohol concentration as the sole criterion 
of intoxication. 
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100 cc.; and the third, “medium concentration,” consisted of 13 
subjects with blood alcohol values over 125 mg. per 100 cc. The 
percentage of significant and major changes in each of these groups 
is tabulated in Table 1. The rather poor correlation between blood 
alcohol concentration and changes in visual function is quite appar- 
ent, especially in regard to significant rather than major changes. 
It would indeed be impossible to select any single level of blood 
alcohol concentration as a criterion of dangerous intoxication from 
these data. Certainly a figure of 150 mg. per 100 cc., proposed as 
prima facie evidence of drunkenness by the National Safety Council, 
would be definitely too high for some of the subjects, and equally 
definitely too low for others. To illustrate this point, which is of 
great importance in view of pending legislation in several States, 
let us summarize the findings in two subjects with widely different 
blood alcohol concentrations. 

Table 1.— Relative Effect of Mild, Moderate, and Medium Blood Alcohol 
Concentrations on Various Components of Vision. 

(The percentage recorded as significant deeiease includes also those subjects showing 

major decrease.) 


Teat. 

Significant 

decrease, 

%• 

Major 

decrease, 

%• 

Acuity: Mild concentration 

54 

8 

Moderate concentration 

71 

17 

Medium concentration 

85 

46 

Depth Perception: Mild 

15 

8 

Moderate 

17 

12 

Medium 

23 

15 

Distance Judgment: Mild 

31 

0 

Moderate 

58 

21 

Medium 

46 

31 

Eye Coordination: Mild 

38 

8 

Moderate 

59 

12 

Medium 

62 

31 

Glare Resistance: Mild 

54 

23 

Moderate 

37 

21 

Medium 

46 

31 

Glare Recovery: Mild 

23 

15 

Moderate 

42 

17 

Medium 

62 

31 

Side Vision: Mild 

15 

0 

Moderate 

17 

8 

Medium 

15 

0 


Subject A had at the time of the test a blood alcohol concentration 
of only 105 mg. per 100 cc., well below the limit of 150 mg. per 
100 cc. proposed as definite evidence of intoxication. Yet he showed 
a major drop after alcohol in 5 of the 7 tests. Only in depth per- 
ception, which was poor to begin with, and in side vision did he 
maintain his performance. His left eye dropped 50% in acuity 
(which means a drop from a Snellen rating of 20/20 to 20/100), 
error in distance judgment increased from If to inches, glare 
resistance dropped from 6.5 to 3.5 units (or 6 steps), recovery time 



732 


SPIEGELMAN, MOSENTHAL: 


weight, each patient received 100 gm. of glucose dissolved in water. 
One hour later a second blood sugar and 2 hours later, a third blood 
sugar were taken. In a few cases blood sugars were obtained at 
more frequent intervals after the administration of glucose. 

Case Reports. Case 1.— J. M., male, aged 55, weight 101 pounds, which 
is about 20 pounds less than his normal. Glycosuria was discovered in 
1936 and a diet of CH 120, P 90, F 135 was given. A glucose tolerance 
curve done 5 days after the beginning of the diet showed a definite impair- 
ment of his tolerance (6/24/36) (Chart 1). Nevertheless, his urine became 
sugar-free. The carbohydrate content of the diet was raised gradually 
with a simultaneous reduction of the protein and fat until August, 1939, 
when he was receiving CH 250, P 75, F 70. A glucose tolerance curve at 
this time showed a definite improvement (8/24/39). Further increasing 
the carbohydrate content of the diet to 300 gm. resulted in a loss of toler- 
ance (7/3/40). Later, decreasing the carbohydrate intake to 200 gm. pro- 
duced only a slight improvement (9/25/40). The glucose tolerance curve 
indicated that the tolerance of the patient for carbohydrate was not as 
high on this diet as on the CH 250 diet. 



Chart 1. — C;vsc l. Mild diabetes. Male, age 55. underweight. Improved glu- 
cose tolerance on diet of CH 250. P 75. F 70. Loss of tolerance as diet is raised to 
CH 300 or lowered to CH 200. Conclusion: glucose tolerance improved on diet of 
CH 250. Raising or lowering CH of diet results in a loss of tolerance. 

This man’s optimal carbohydrate intake evidently is 250 gm. When 
maintained on this diet there is a minimal impairment of his glucose toler- 
ance. A diet containing more or less carbohydrate than this results in a 
loss of glucose tolerance (Chart 1). 

Case 2.— E. G., 42-year-old diabetic female, weight 154 pounds, which 
was 22 pounds in excess of the normal for her height and age. A diet of 
CIl 100, Cal. 1200 was prescribed. After a loss of 18 pounds, a glucose 
tolerance curve suggested a mild impairment of carbohydrate tolerance 
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THE DIABETIC STATE AS INFLUENCED BY DIET. 

By Anna R. Spiegelman, M.D., 

JUNIOR ASSISTANT PHYSICIAN, NEW YORK POST-GRADUATE HOSPITAL, 

AND 

Herman O. Mosenthal, M.D., 

ATTENDING PHYSICIAN, NEW YORK POST-GRADUATE HOSPITAL, 

NEW YORK, N. Y. 

(From the Department of Medicine, New York Post-Graduate Medical School and 

Hospital.) 

The optimal diet for the treatment of diabetes has not been estab- 
lished despite the fact that the kind of food eaten plays so vital a 
part in the management of this disease. The mode of feeding the 
diabetic has run the gamut from the extremely low-carbohydrate, 
high-fat regimen of the pre-insulin era, to the very high-carbohy- 
drate, low-fat diets advocated more recently. 

The influence of the composition of the diet upon the capacity 
of the diabetic to utilize sugar has been debated for a long time. 
A generation ago the dictum of Naunyn 5 was generally accepted. 
He maintained that the surest way to increase the carbohydrate 
tolerance in diabetes was to restrict carbohydrates to the limits of 
the diabetic’s power to utilize glucose. The efficiency of this scheme 
of dietary treatment has recently been demonstrated in experimental 
animals by Haist, Campbell and Best . 4 

In normal persons a low-carbohydrate diet diminishes glucose 
tolerance, while a persistent intake of large amounts of starch will 
increase it. Conn 2 has recently reviewed the literature on this 
subject and verified it by clinical tests. These well-established 
findings in non-diabetics have been regarded as confirmatory evi- 
dence that a high-carbohydrate diet has a beneficial effect in dia- 
betes. Indeed, various clinicians have found that a high-carbo- 
hydrate diet was a potent factor in rehabilitating the depressed 
carbohydrate tolerance in diabetes (Aldersberg and Porges ; 1 San- 
sum, Blatherwick and Bowden ; 7 Geyelin ; 3 Rabinowitch 6 ), 

Because of these contentions it was of interest to study the 
effects of high and low-carbohydrate diets in a series of mild dia- 
betics. None of these patients received insulin while under observa- 
tion. Glucose tplerance tests were used to determine the variations 
in carbohydrate tolerance. The tests were standardized in the 
following manner: a fasting blood sugar was taken. Regardless of 
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tolerance (Chart 4). His diet was raised to CH 250 and a week later a 
glucose tolerance test showed a definite loss of tolerance. 



Chart 3.— Case 3. Male, age 52, normal weight. Mild impairment of glucose 
tolerance on CH 250, P 80, F 125. Raising carbohydrate intake above this level 
diminishes tolerance. Conclusion: very high-carbohydrate diet impairs carbohydrate 
tolerance. 



Chaut 1. — Case 1. Male, age 47. Impaired glucose tolerance on CH 120. Defi- 
nite loss of tolerance on CH 250. Conclusions: high-carbohydrate diet results in 
loss of glucose tolerance. 
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(5/24/38) (Chart 2). A higher carbohydrate diet was ordered but because 
the patient was “afraid to eat,” the original diet was continued with no 
further loss of weight. A glucose tolerance curve on June 7, 1939, was 
s imila r to the one done a year earlier. Because of her concern over her 
weight loss, the diet was raised to CH 300. After 6 months of this diet 
there was no change in weight but a glucose tolerance curve (1/17/40) indi- 
cated a loss of tolerance (Chart 2). The carbohydrate content of the diet 
was then restricted to 150 gm. and 6 months later (8/20/40) the glucose 
tolerance curve was definitely normal. It showed a distinct improvement 
as compared with the curves on the previous diets. 

This patient’s optimal carbohydrate intake is apparently 150 gm. Rais- 
ing the carbohydrate of the diet above this level to 300 gm., or lowering it 
to 100 gm. result in a loss of tolerance (Chart 2). 



Chart 2.— Case 2. Mild diabetes, female, age 42, -weight 154 pounds; 20 pounds 
overweight for height and age. After a loss of 18 pounds on CH 100, Cal. 1200, 
glucose tolerance curve indicates a mild impairment of CH tolerance. Further 
slight loss of tolerance when diet is raised to CH 300. Marked improvement on 
CH 150. Conclusion: glucose tolerance diminishes when diet is raised above or 
below the level of CH 150. 


Case 3.— S. G., male, aged 52, weight 159 pounds, which is normal. A 
glucose tolerance test while on a diet of CH 250, P 80, P 125 indicated a 
mild impairment of tolerance (10/26/39) (Chart 3). Raising the diet to 
CH350 resulted in a definite loss of tolerance (6/4/40). Some improve- 
ment was noted on a diet of CH 280 (7/8/40) but definite improvement did 
not occur until the diet was reduced to CH 250 (8/22/40). 

_This patient’s most advantageous carbohydrate allowance is evidently 
250 gm. and a carbohydrate intake in excess of this amount results in a 
loss of tolerance (Chart 3). 

Case 4.— J. F. f male, aged 47, an established diabetic, had been on a 
diet of approximately CH 120 for several years. On July 7, 1940, a glu- 
cose tolerance curve showed that there was a moderate impairment in his 
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and age is 133 pounds. “When she was at her maximum weight a glucose 
tolerance curve indicated a definite impairment. After a loss of 51 pounds, 
there was a marked improvement in her glucose tolerance (Chart 5). An 
anti-obesity diet, low in carbohydrate and fat but high in protein, was fol- 
lowed throughout the period of observation. 

Case 6.— It. G., aged 24, weight 140 pounds which was 25 pounds in 
excess of the normal. A glucose tolerance test on May 16, 1940, indicated 
an impairment of her carbohydrate metabolism (Chart 6). During the 
next 6 months there was a loss of 22 pounds on a diet of CH 100, Cal. 1000. 
A glucose tolerance test on February 12, 1941, was normal. The low 
carbohydrate diet continued over a period of 9 months evidently resulted 
in an improvement in this patient’s tolerance for carbohydrate (Chart 6). 



Chart 7. — Case 7. Female, age IS, mild diabetes, weight normal. Tolerance 
improved as diet is raised from CH 150 to CH 300 and later to CH 400. Conclusion: 
increase in glucose tolerance on a high-carbohydrate diet. 


Case 7.— B. M., female, aged IS years, weight 121 pounds, which was 
normal. While on a full diet, including sugar, glucose tolerance curves on 
two occasions (6/14/40 and 6/17/40) showed a definite impairment in toler- 
ance for carbohydrate (Chart 7). The diet was restricted to CH 150. 
Three weeks later (7/S/40), a glucose tolerance curve indicated a distinct 
improvement in carbohydrate tolerance. The diet was increased to CH 300. 
Two months later (9/18/40) her glucose tolerance was definitely normal. 
Again, the diet was increased to CH 400 and again 2 months later (11/13/40) 
the glucose tolerance curve was normal. The tolerance of this patient for 
carbohydrate increased when the diet was raised to CH 300 and showed 
very little change on a CH 400 diet. On a diet lower than CII 300, how- 
ever, there was a mild impairment of carbohydrate tolerance (Chart 7). 

Conclusions. The carbohydrate tolerance in many diabetics may 
be increased by diet. The type of diet, whether high- or low-car- 
bohydrate, is not the determining factor but the important principle 
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The tolerance of this patient for carbohydrate is evidently about 120 gm. 
and raising the carbohydrate intake above this results in a loss of tolerance. 

Case 5. — (Courtesy of Dr. Abraham Levy.) G. A., female, aged 34, 
height 62 inches, weight 215 pounds. The normal weight for her height 



Chart 5. — Case 5. Loss of 51 pounds results in an improvement in glucose tolerance, 
while on a low-carbohydrate diet for a prolonged period. 



Chart 6. — Case 6. Loss of 22 pounds brought about by means of low-carbohydrate 
diet results in an improvement in glucose tolerance. 
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the vessels of the neck. Because this form of angina pectoris has 
received only limited attention in the literature, it is believed that 
a report of 6 additional cases should be of interest. 

Case Reports. Case l.— Rheumatic heart disease, enlargement of the 
heart, aortic insufficiency and probable stenosis, mitral insufficiency, angina 
pectoris. A white boy of 18 came to the Clinic on December 28, 1939, 
because of severe paroxysmal pain in the chest. He had had rheumatic 
fever at the age of 8 years and again 2 years later. One year before his 
admission, he began to experience attacks of severe, clutching pain in the 
precordial and upper substernal areas. The pain radiated to the left side 
of the neck, left shoulder and down the inner aspect of the left arm to the 
fingers. Occasionally there was radiation down the right arm as well. 
The attacks were accompanied by dyspnea, orthopnea, a sense of suffoca- 
tion, severe palpitation and throbbing of the vessels of the neck. Occa- 
sionally they were precipitated by exertion, excitement or exposure to cold, 
and at times they developed with little or no provocation after a large meal. 
The most severe and most frequent seizures, however, occurred at night 
and wakened him from sleep. There had been from one to three attacks 
per week, and the usual duration of the pain was from 5 to 30 minutes. 
The seizures which were brought on by exertion were relieved by rest, but 
for those which occurred at night the only helpful measure consisted of 
sitting on the edge of the bed or standing. Occasionally some added benefit 
seemed to result from swinging the left arm in circles at the shoulder. 

Physical examination revealed a well-developed, well-nourished indi- 
vidual. The temperature was normal, the pulse rate 84 per minute and 
the blood pressure 150 nun. systolic and 20 mm. diastolic. There was 
forcible pulsation of the vessels of the neck, and capillary pulsation, Duro- 
ziez's sign and a waterhammer pulse were present. The heart was greatly 
enlarged. A systolic thrill was felt over the aortic area, and the aortic 
second sound could not be heard. Loud systolic and diastolic murmurs 
were present over the aortic area, and the diastolic murmur was transmitted 
downward along the left border of the sternum. A moderate systolic and 
a transmitted diastolic murmur were present over the apex. There were 
no signs of congestive heart failure. 

Roentgenologic examination of the chest showed the left ventricle to be 
greatly enlarged. There was no prominence of the pulmonary artery and 
conus, aud the right anterior oblique plate revealed no enlargement of the 
left auricle. An electrocardiogram showed nothing of significance except 
for moderate left axis deviation. Urinalyses, blood counts, and the eryth- 
rocyte sedimentation test all gave results within the limits of normal, and 
the Wassemrann reaction of the blood was negative. 

Cervico-dorsal laminectomy with section of the posterior roots of the first 
five thoracic nerves on both sides was done on January 3, 1940. The post- 
operative course was uneventful although on two occasions before leaving 
the hospital the patient was awakened at night with mild pain in both sides 
of the neck. 

Eleven months after the operation, the patient reported that he was still 
experiencing attacks of pain once or twice a week or less often. The pain 
was confined to the sides of the neck from the clavicles to the lobes of the 
ears and was more severe on the left side than on the right. Occasionally 
there was radiation of the pain down the inner aspect of the left arm to the 
wrist. The attacks could be brought on by exertion or excitement but usu- 
ally occurred at night. They were still accompanied by rapid, forceful 
heart action, throbbing of the vessels of the neck, sweating of the face and 
neck, dyspnea and weakness. Nitroglycerin, , \ e gr., invariably gave prompt 
relief. 
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is the feeding of the patient with the maximum amount of carbo- 
hydrate which can be utilized. When this is carried out the car- 
bohydrate tolerance is likely to increase whether the diet required 
is high or low in carbohydrate content. 

If the quantity of carbohydrate taken by a diabetic exceeds his 
tolerance the severity of the diabetes will increase. This is in con- 
trast to the normal person who invariably loses glucose tolerance on 
a low-carbohydrate diet, and gains with a high-carbohydrate diet. 

Consequently, there is no uniform optimal carbohydrate content 
for diabetic diets. Each case must be evaluated according to the 
requirements of the individual. 
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ANGINA PECTORIS IN YOUNG INDIVIDUALS WITH AORTIC 

INSUFFICIENCY. 

A Report of 6 Cases 

By A. Carlton Ernstene, M.D., 

PHYSICIAN IN CHARGE, SECTION ON CARDIORESPIRATORY DISEASES, CLEVELAND CLINIC, 

AND 

Robert W. Schneider, M.D., 

RESIDENT PHYSICIAN, CLEVELAND CLINIC HOSPITAL, 

CLEVELAND, OHIO. 

There is a form of angina pectoris that differs in important 
respects from the form due to coronary artery disease. The condi- 
tion occurs in young individuals, and the significant anatomic lesion 
associated with it consists of pronounced aortic insufficiency of 
rheumatic origin. The pain is similar in location, quality and radia- 
tion to that of the common form of angina pectoris, and the attacks 
may be induced by effort or excitement. The most important dis- 
tinguishing characteristic of the syndrome, however, consists of the 
occurrence of nocturnal seizures, and it is these attacks that usually 
constitute the principal complaint of the patient. The nocturnal 
attacks are extremely severe, usually last 10 to 20 minutes, and fre- 
quently recur several times during a night. Nitroglycerin usually 
gives prompt relief, but patients who have had no treatment often 
report that the only spontaneously beneficial measure consists of 
getting up and walking about. The attacks are further distin- 
guished by the common occurrence of prominent vasomotor changes 
such as flushing of the face, sweating, palpitation and throbbing of 
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increased gradually in frequency, and at the time of the patient’s admission 
they occurred at least once a week and often several times a night. Tachy- 
cardia, palpitation, dyspnea, profuse perspiration, and a generalized feeling 
of warmth accompanied the pain but no changes in color had been noted. 
Occasionally there was radiation of the pain to the left shoulder. No 
medication had been employed, and the only measure which had been 
found to give relief consisted of standing up and moving about. The 
duration of the attacks varied from a few seconds to 15 minutes. 

On physical examination, the temperature was normal, the pulse rate 
110 per minute, and the blood pressure 132 mm. systolic and 50 mm. dias- 
tolic. The area of relative cardiac dullness extended 13 cm. to the left 
of the mid-sternal line in the sixth interspace. The heart rhythm was 
regular. Over the aortic area a short systolic and a long low-pitched 
diastolic murmur were heard, the latter being transmitted downward along 
the left border of the sternum. Systolic and diastolic murmurs also were 
present at the apex. There were no signs of congestive heart failure. 
Capillary pulsation was present, and the pulse wave was of the waterhammer 
type. 

Roentgenograms of the chest showed enlargement of the outflow tract 
of the left ventricle. A right anterior oblique plate revealed no enlargement 
of the left auricle. The electrocardiogram showed slurring of the QRS 
complexes with notching in Leads I and III, diphasic T 2 , inverted T 3 , and a 
normal electrical axis. The blood count and urinalyses gave normal find- 
ings, and the Wassermann reaction of the blood was negative. 

Paravertebral alcohol injection of the upper four dorsal sympathetic 
ganglia on the left side was performed on September 14, 1938. One month 
later the patient reported that the attacks had not diminished in frequency 
but had lessened some in severity. Three months later, however, the 
seizures had almost ceased to recur and those which were experienced were 
mild and of short duration. 

Case 4.— Rheumatic heart disease, enlargement of the heart, aortic insuffi- 
ciency, mitral stenosis and insufficiency, angina pectoris. A white salesman 
of 24 years came to the Clinic on December 27, 1935, because of attacks of 
pressure-like epigastric and lower substemal pain during the preceding 
2 years. The symptoms often appeared after a large meal and at other 
times were induced by excitement or by exertion in cold weather. Most of 
the attacks, however, occurred at night and wakened him from sleep. 
Getting out of bed and standing up would give relief in 15 or 20 minutes. 
The pain was accompanied by palpitation and dyspnea and often by dull 
aching pain over the inner aspect of the left arm down to the wrist. The 
patient had had rheumatic fever at the age of 16 years. 

On physical examination, the left border of the heart was 14 cm. from the 
mid-sternum in the sixth interspace. The heart rhythm was regular and 
the rate SO per minute. Systolic and diastolic murmurs were present over 
the aortic area, and the diastolic murmur was transmitted downward along 
the left border of the sternum. Over the apex a harsh systolic and a loud 
diastolic murmur with presystolic accentuation were heard. The radial 
pulse wave was of the Corrigan type, and Duroziez’s sign and capillary 
pulsation were present. The arterial blood pressure was 190 mm. systolic 
and 40 mm. diastolic. There were no signs of congestive heart failure. 
The blood count and urinalysis gave normal results, and the Wasermann 
reaction of the blood was negative. 

Because of unpleasant side actions, the use of nitroglycerin was refused. 
The attacks increased steadily in frequency and severity and continued to 
occur more often at night than at other times. For several months before 
his death he was forced to stand up a large part of each night. He died in 
his sleep on September 2, 1939, after having worked as usual on the pre- 
ceding day. 
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Case 2. — Rheumatic heart disease, enlargement of the heart, aortic insuffi- 
ciency and probable stenosis, mitral stenosis and insufficiency, angina pectoris. 
A white man of 21 first came to the Clinic on June 15, 1936, at which time a 
diagnosis of rheumatic heart disease was made. He returned 2 years later 
complaining of frequent attacks of severe, gripping, non-radiating pain in 
the mid-substernal region. The pain was accompanied by palpitation, 
flushing of the face and sweating, but there was no dyspnea. The attacks 
almost always occurred at night, awakening him from sleep, and at times 
the mere act of lying down precipitated a seizure. Occasionally the sudden 
beginning of activity after a period of rest would induce the pain, but except 
for this there had been no relationship between the attacks and exertion. 
Amyl nitrite or nitroglycerin gave prompt relief from the pain, and it had 
been necessary to repeat the use of these drugs as many as 20 times during 
a single night. 

Physical examination revealed a tall, thin individual. The temperature 
was normal, the pulse rate 84 per minute and the blood pressure 188 mm. 
systolic and 30 mm. diastolic. There was forcible pulsation of the vessels 
of the neck. Duroziez’s sign and capillary pulsation were present, and the 
pulse wave was of the collapsing type. The heart was enlarged, and a 
coarse systolic thrill could be felt over the base and in the vessels of the neck. 
Loud systolic and diastolic murmurs were present over the aortic area, 
while at the apex a moderate systolic and a faint diastolic murmur with a 
definite terminal crescendo were heard. There were no signs of congestive 
heart failure. 

Roentgenologic examination of the chest showed enlargement of the left 
ventricle and straightening of the upper left border of the heart. The right 
anterior oblique plate showed enlargement of the left auricle. An electro- 
cardiogram revealed sinus rhythm, notched P waves in all leads, deep inver- 
sion of Ti and T 2 , increased amplitude of QRSi, slurring of QRS°, notching 
of QRSt, and left axis deviation. Urinalyses, blood counts and the erythro- 
cyte sedimentation test all gave results within the limits of normal. The 
Wassermann reaction of the blood was negative. 

Excision of the inferior cervical and upper four dorsal sympathetic 
ganglia on the left was performed on August 5, 1938. Five months later 
the patient reported that the attacks had not diminished in frequency, 
although the pain was possibly somewhat less severe. The seizures now 
occurred only at night; there had been no attacks as a result of exertion. 
For some reason amyl nitrite and nitroglycerin had not been used, and the 
patient was taking 5 or 6 gr. of codeine sulphate plus large amounts of 
whisky each night. He reported, however, that the most helpful measure 
he had found consisted of stretching his arms above his head and support- 
ing himself from a door frame. Except for a Horner’s syndrome on the 
left side, the physical examination revealed no changes from the findings 
recorded previously. 

Paravertebral alcohol injection of the inferior cervical and upper four 
dorsal sympathetic ganglia on the right was done on January 12, 1939. 
This procedure resulted in no improvement. Two years later the patient 
was using 100 nitroglycerin tablets every 8 to 15 nights. 

Case 3. — Rheumatic heart disease, enlargement of the heart, aortic insuffi- 
ciency, mitral insufficiency, angina pectoris. A white, married woman of 30 
came to the Clinic on September 12, 1938, because of severe, paroxysmal 
pain in the substernal region. She had had rheumatic fever at the age of 
12 years, and 6 years later had experienced her first attack of pressure-like 
pain in the chest. At first the seizures occurred at infrequent intervals 
and there were periods of as long as 6 months without symptoms. The 
attacks always occurred at night and were never induced by exertion. 
Dreams seemed to be an important precipitating factor. The seizures had 
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anterior oblique plate revealed great enlargement of tlie left auricle. An 
electrocardiogram showed deep inversion of T t and T?, slight inversion of T,, 
and a normal electrical axis. The urinalysis and blood count gave normal 
findings. The Wassennann reaction of the blood was 4+. 

On the afternoon of the patient’s admission, he was seen in an attack. 
There was agonizing pain, the face was pale, and there was profuse, clammy 
perspiration. The neck vessels were throbbing forcibly, and the patient 
complained of palpitation and dyspnea. The pulse rate was 84 per minute, 
but the blood pressure had increased to 200 mm. systolic and 40 mm. dias- 
tolic. The symptoms were relieved promptly by nitroglycerin, gr. 

Strictly limited activity was advised, and the patient was directed to take 
nitroglycerin before each meal and as necessary for the attacks. One month 
later he reported that the seizures were less frequent and less severe but that 
they still occurred several times each day and once or twice every night. 
Death occurred on September 14, 1938. 

Discussion. Although isolated examples of the syndrome illus- 
trated by these cases had been reported earlier, the clinical features 
of the condition were first delineated by Schwartz 10 and White and 
Mudd. 14 Additional cases were reported subsequently by Stol- 
kind, 1 - Levin, 7 Korns, 6 Lewis, 8 Eakin, 4 and Bland and White. 3 
Keefer and Resnik 5 also mention having observed 4 patients who 
had rheumatic aortic insufficiency and angina pectoris. The syn- 
drome, however, is uncommon, and the total number of cases re- 
ported is still well under 100. 

Vaquez 13 reviewed the earlier literature concerning the existence 
of two varieties of angina pectoris distinguished by the terms 
“angina pectoris of effort” and “angina pectoris of decubitus.” 
He described the two forms in detail, and although he did not asso- 
ciate angina of decubitus with aortic insufficiency, he did recognize 
that this variety occurred in individuals in whom the left ventricle 
was greatly enlarged and there was little or no coronary artery 
disease. Pie pointed out that individuals who have angina pectoris 
of decubitus may also experience attacks of pain on effort and was 
of the opinion that this mixed form was due to the presence of cor- 
onary artery disease or aortic atheroma in addition to an enlarged 
heart. The cases described in the present report illustrate the 
clinical features of angina pectoris of decubitus and demonstrate 
the dependence of the syndrome upon the presence of free aortic 
insufficiency. It should be emphasized that in 4 of the G patients 
attacks of pain also were induced by exertion, and yet the age of 
the patients was such that there was no ground for assuming the 
presence of coronary artery sclerosis. 

It is generally accepted that the pain of angina pectoris is due to 
relative anoxemia of the myocardium. 5 In aortic insufficiency, 
coronary bloodfiow is diminished because of the lowered diastolic 
blood pressure and the reduced mean aortic pressure. 1 - 2 - 11 It is readily 
understandable, therefore, how in a young individual with aortic- 
regurgitation, an increase in the demands upon the heart incident 
to physical exertion can result in a sufficient degree of myocardial 
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Case 5 .— Rheumatic heart disease, enlargement of the heart, aortic insuffi- 
ciency, mitral stenosis and insufficiency, left bundle branch block, angina 
pectoris. A white married woman of 32 was referred to the Clinic on 
January 13, 1936, because of paroxysmal pain in the chest accompanied by 
severe dyspnea, orthopnea, palpitation, throbbing of the vessels of the neck, 
and profuse perspiration. Nine years earlier she had first been awakened 
at night with intense dyspnea and a sense of oppression in the chest, but no 
actual pain. The attack lasted 10 to 15 minutes. A second seizure oc- 
curred 5 nights later, and from then on the attacks increased steadily in 
frequency. With this progression, the sense of oppression was replaced by 
severe, stabbing pain which originated in the lower substernal region and 
radiated to both shoulders and at times down the inner aspect of both arms 
to the fingers. At the time of the patient’s admission, attacks lasting 10 
to 20 minutes were occurring 6 to 8 times each night, and occasionally a 
single seizure would persist for several hours. In addition, excitement 
often precipitated seizures during the day, but the attacks never were 
induced by exertion. Amyl nitrite was of only doubtful benefit, and the 
most helpful measures seemed to be sitting up or walking about. The 
patient had had rheumatic fever at the age of 8 years. 

Physical examination revealed a greatly enlarged heart with regular 
rhythm and a rate of 102 per minute. A low-pitched diastolic murmur was 
heard at the aortic area and along the left border of the sternum. A harsh 
systolic and a loud diastolic murmur were present over the apex. There 
were no signs of congestive heart failure. The arterial blood pressure was 
114 mm. systolic and 66 mm. diastolic. 

Roentgenologic examination of the chest revealed great enlargement of 
the left ventricle and prominence of the pulmonary artery and conus. The 
electrocardiogram showed left bundle branch block and a normal P-R 
interval of 0.16 second. Mild hypochromic anemia was present. The 
Wassermann reaction of the blood was negative. 

On October 29, 1936, the patient experienced an attack of severe pain 
accompanied by intense dyspnea and cyanosis and died within a few hours. 

Case. 6.— Rheumatic heart disease, enlargement of heart, aortic insufficiency 
and probable stenosis, mitral insufficiency and stenosis, angina pectoris, syph- 
ilis. A white man of 25 came to the Clinic on February 14, 1938, because 
of attacks of severe, burning pain in the substernal region during the pre- 
ceding 9 months. The seizures were induced by limited exertion and often 
came on during or soon after a meal. In addition, they frequently occurred 
at night, awakening him from sleep and forcing him to sit or stand or pace 
the floor. From its point of origin in the substernal region the pain usually 
radiated to the upper precordial area, and at times was accompanied by 
aching pain in the lower teeth. The attacks were accompanied by dyspnea, 
palpitation and profuse perspiration. Seizures occurred several times each 
day and a few times every night, and the pain usually lasted 20 minutes to 
1 hour. The patient had had several attacks of rheumatic fever, but there 
had been no joint symptoms or signs since the age of 19 years. There was 
no history of luetic infection. 

Physical examination revealed none of the stigmata of congenital syphilis. 
The temperature was normal, the pulse rate 72 per minute, and the blood 
pressure 120 mm. systolic and 20 mm. diastolic. The heart was moderately 
enlarged, and a rough systolic thrill was present over the base. Loud sys- 
tolic and diastolic murmurs were heard at the aortic area and apex. The 
aortic second sound was absent. Capillary pulsation and Duroziez’s sign 
were present, and the pulse wave was of the collapsing type. There were 
no signs of congestive heart failure. 

The teleroentgenogram of the chest showed moderate enlargement of the 
left ventricle and prominence of the pulmonary artery and conus. A right 
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due to rheumatic aortic insufficiency is better than that of angina 
pectoris of effort due to coronary artery disease. In 3 of the 5 cases 
studied by Schwartz, 10 the attacks spontaneously ceased to recur 
after a period of several months to 4 years. This apparently is 
unusual for it has not been reported by other observers. The experi- 
ence recorded in the literature and in the present communication 
indicates that, although the average duration of life after the first 
attack of pain is greater in these patients than in those who have 
angina pectoris associated with coronary artery disease, the prog- 
nosis is uncertain in the individual case because of a distinct lia- 
bility to sudden death. The other common cause of death is 
congestive heart failure. 

Although amyl nitrite and nitroglycerin usually afford prompt 
relief from the seizures of angina of decubitus, there is no medical 
measure which is effective in preventing the development of the 
attacks. Surgical treatment, however, is often successful in this 
respect. The procedures employed have been paravertebral alcohol 
injection of the upper thoracic sympathetic ganglia, excision of the 
inferior cervical and upper dorsal sympathetic ganglia, and cervico- 
dorsal laminectomy with section of the posterior roots of the upper 
thoracic nerves bilaterally. Because no one observer has had the 
opportunity to study more than a small number of cases, no state- 
ment can be made concerning the relative value of these measures. 
It is of considerable interest that in the cases which Bland and 
White 3 treated by paravertebral alcohol injection and in the case 
reported in the present communication treated by section of the 
posterior roots of the upper thoracic nerves, the vasomotor dis- 
turbances of the attacks were not altered even though the pain was 
partially or completely controlled. 

Summary and Conclusions. 1. Six cases of angina pectoris of 
decubitus in young persons who had rheumatic heartdisease with pro- 
nounced aortic insufficiency have been reported. All of the patients 
experienced repeated nocturnal attacks and it was of these seizures 
that they principally complained. In 4 of the 6 individuals, at- 
tacks also were induced by exertion. Prominent vasomotor changes 
such as flushing of the face, sweating, palpitation and throbbing of 
the vessels of the neck accompanied the pain in 5 patients. The 
pain in each case was similar in location, quality, and radiation to 
that of the common form of angina pectoris and usually was relieved 
promptly by amyl nitrite or nitroglycerin. In none of the cases 
was the initial occurrence of angina pectoris precipitated by active 
rheumatic infection. 

2. The average duration of life after the first attack of angina 
pectoris due to aortic regurgitation is greater than in patients 
who have angina pectoris due to coronary artery disease, but the 
prognosis is uncertain in the individual case because of a distinct 
liability to sudden death. 
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anoxemia to produce anginal pain. In the ease of angina pectoris 
of decubitus, however, some mechanism must be sought whereby, 
while the patient is at rest, the load upon the heart is increased to 
the point that the reduced coronary bloodflow is unable to main- 
tain an adequate oxygen supply to the myocardium. The nature 
of this mechanism was revealed by the observations of Schwartz 10 
and Lewis. 8 Schwartz 10 noted that during the attacks of pain the 
blood pressure alwaj's was greatly increased above its usual level. 
In individuals who obtained relief from nitroglycerin or amyl nitrite, 
the relief was accompanied by a rapid reduction in the pressure, 
often to a level below the original value. If the pain returned after 
the effects of the drug had worn off, the recrudescence was accom- 
panied by a rise in pressure to its former high level. Lewis 8 demon- 
strated that the rise in blood pressure was accompanied by an 
increase in the pulse rate and that both of these changes preceded 
the onset of pain. Although these observations establish the fact 
that the attack of angina pectoris of decubitus is precipitated by a 
rise in blood pressure and pulse rate, it is often difficult to identify 
the factors which are responsible for these circulatory changes. In 
certain individuals there is a direct relationship to excitement or the 
taking of a meal, 8 and it is probable that the nocturnal seizures are 
induced by factors which disturb the patient’s sleep. MacWilliam 3 
demonstrated that disturbing dreams may cause a rise of as much 
as 70 mm. in the systolic blood pressure and an increase in pulse 
rate of 20 or more beats per minute. One of our patients was firmly 
of the opinion that dreams were responsible for her nocturnal 
attacks. 

Bland and White 3 reported 4 cases of the syndrome under discus- 
sion in which active rheumatic infection initiated the attacks. A 
similar relationship was present in 2 of the 8 cases recorded by 
White and Mudd 14 while in a third, the attacks first developed after 
an attack of influenza. These cases, however, are exceptional, for 
in the great majority of instances of angina pectoris associated with 
rheumatic aortic insufficiency, there has been no relationship to 
active rheumatic infection. In none of the cases reported in the 
present communication was the initial occurrence of angina pectoris 
precipitated by active infection. 

Although angina pectoris of decubitus in its pure form (the form 
in which there are no attacks related to exertion) is encountered most 
commonly in young individuals who have pronounced aortic regurgi- 
tation, it also occurs at times in older patients with rheumatic aortic 
insufficiency and in persons who have luetic aortitis with aortic 
insufficiency. More often, however, these older patients also suffer 
from attacks which are precipitated by exertion, possibly because 
of associated coronary artery disease or narrowing of the ostia of 
the coronary arteries. 

There is general agreement that the prognosis of angina pectoris 



BOOK REVIEWS AND NOTICES 


Lectures on Diseases of Children. By Sir Robert Hutchison, Bart., 
M.D., LL.D., F.R.C.P., Consulting Physician to the London Hospital 
and to the Hospital for Sick Children, Great Ormond Street, and Alan 
Moncrieff, M.D., F.R.C.P., Physician to the Children’s Department, 
Middlesex Hospital, and to Out-Patients, Hospital for Sick Children, 
Great Ormond Street; Pediatrician to Queen Charlotte’s Maternity 
Hospital. Pp. 471; 107 illustrations. Eighth Edition. Baltimore: 
The Williams & Wilkins Company, 1940. Price, S6.75. 

The publication of an eighth edition of this little book indicates that it 
has been deservedly popular. It is not a complete text-book but is intended 
as a guide for the office and home practice of Pediatrics. As such, it would 
be helpful for practitioners and students. The lecture style makes it easily 
readable and the approach is always that of the office rather than the 
hospital. Many excellent photographs present vivid supplements to the 
descriptions in the text. 

It is, therefore, unfortunate that the revision has not been drastic enough. 
To pick only a few examples: In the feeding schedules given for infants, 
diversified diets are introduced much later than is now recommended. 
In a book published in 1940, intramuscular blood should not be given as the 
preferred treatment for hemorrhagic disease of the newborn. Nor is the 
spleen enlarged in glycogen storage disease. 

Books such as this one are needed but they must be accurate and embrace 
recent developments. F. H. 


Bacillary and Rickettsial Infections, Acute and Chronic. A Text- 
book: Black Death to White Plague. By William H. Holmes, Pro- 
fessor of Medicine, Northwestern University Medical School, etc. Pp. 
G7G. New York: The Macmillan Company, 1940. Price, S6.00. 

This book was written on the premise that teaching has two major func- 
tions: to transmit factual material and to point out the experiences and 
processes of observation, thought and experiment by which such factual 
material was evolved, and so perhaps to point the way to future progress. 
In short, teaching should teach not merely what to know, but how to think. 
Yet in medical teaching, partly because of the appalling mass of material 
involved, but partly also because of the attitude of teachers and the in- 
adequacy of textbooks, there has been too much emphasis on so-called 
facts, with the result that thought is frozen and progress delayed. For 
the facts of today are so often the proven fallacies of tomorrow. In the 
words of the negro preacher, “it ain’t so much the things you don’t know, 
as the things you know, that ain’t so, that gits you into trouble.” Because 
of its masterful handling of the historical and evolutionary phases of the 
subject, as well as the broad view taken of the relation of disease and patient 
to the environment, this book deserves to be ranked as outstanding in excel- 
lence among current medical texts. It is all the more regrettable that 
the author’s plan to write a second volume covering in a similar way the 
virus diseases and the infections of coccal, spirochetal, and protozoal 
etiology was ended by his untimely death. An inevitable disadvantage for 
students in so complete a text is its size: nearly four times that given the 
subject in the usual one-volume textbook of medicine, so that some might 
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Cardiac Classics. A Collection of Classic Works on the Heart and Circu- 
lation with Comprehensive Biographic Accounts of the Authors. (Fifty- 
five Contribuions by Fifty-one Authors.) By Frederick A. Willius, 
M.D., M.S. in hied., Chief, Section of Cardiology, The Mayo Clinic; 
Professor of Medicine, The Mayo Foundation for Medical Education and 
Research, The Graduate School, The University of Minnesota, and 
Thomas E. Iveys, A.B., M A.., Reference Librarian, The Mayo Clinic ; For- 
merly Carnegie Fellow, The Graduate Library School, The University of 
Chicago. Pp. 858; illustrated. St. Louis: The C. V. Mosby Company, 
1941. Price, 810.00. 

The growth of our knowledge of the circulatory system and its disorders 
is one of the most interesting and important topics in the history of medicine. 
It is quite appropriate, then, that an anthology on this subject be added to 
the bouquet of such productions, even though many of the items are already 
available in other collections. The authors have deliberately chosen to avoid 
all cardiac classics before Harvey’s truly “epoch-making” contribution, but 
even so have filled a large book with the 55 masterpieces selected. De guslibus 
non disputandum, but one may at least record a slightly differing viewpoint: 
Still avoiding an undesirable, radical abridgment, some of the selections might 
well have been considerably shortened without material loss, and room then 
found for other noteworthy contributions, some of which are not found, 
supposedly because they happende to have antedated Harvey. Thus enough 
could be saved from Stephen Hales (27 pp.), Auenbrugger (23 pp.), Laennec 
(57 pp.) , Austin Flint (29 pp.) , Potain (26 pp.) , and others to have found space 
for pertinent selections from Hippocrates, Galen, Leonardo, Vesalius, Canano, 
Servetus, Cesalpinus, Floyer, Willis, Hodgson, the brothers Weber, Purkinje, 
Pachon, Raynaud, Krogh and others of cardiovascular fame. Harvey, to 
be sure, should be premier in any selection of Cardiac Classics; but with 
many modern translations of De Motu now easily available, 63 pages might 
well seem too high a price to pay. 

But again we recognize de guslibus, and are truly grateful for the excellent 
feast provided. Fifty-five masterpieces on the anatomy, physiology, 
pathology, semeiology, diagnosis and therapeusis of the cardiovascular 
system are presented in chronologic order from Harvey to James B. Herrick. 
Each is preceded by a brief biographic sketch and accompanied by well 
chosen, attractive illustrations. 

We hope that this attractive volume will be successful in its aim of 
making medical men better acquainted with the great achievements of 
cardiology as described in the very words of the masters. E. K. 


Textuook of Bacteriology. By Edwin 0. Jordan, Ph.D., Late Andrew 
McLeish Distinguished Service Professor of Bacteriology, University of 
Chicago, and William Burrows, Ph.D., Assistant Professor of Bacteri- 
ology, University of Chicago. Pp. 731; 170 illustrations. Thirteenth 
Edition, revised. Philadelphia: W. B. Saunders Company, 1941. 
Price, $6.00. 

The change in the title from that of the twelfth edition, “A Textbook 
of General Bacteriology,” indicates a trend in the book from general bac- 
teriology towards medical bacteriology. The chapters on bacterial dis- 
eases of plants and bacteria in industry have been omitted, as well as the 
noticeable typographical errors and some of the obsolete material. The 
portions of the book dealing with the physiology of bacteria, the relation 
of bacteria to disease, immunity, viruses, and so forth have been expanded. 
It is to be regretted that in this revised edition such a lively subject as 
chemotherapy should be treated in the following manner and extent, 
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hesitate to recommend it as a beginner’s text. But all would agree to its 
use by students for collateral reading. Every physician, whatever his 
special interest, who reads this book will profit in enjoyment and broadening 
of his viewpoint. That there be minor defects in a first edition is natural; 
none is serious and only one annoying: the persistent use of “tubercular” 
for “tuberculous.” 

It is to be hoped that the publishers will find someone sufficiently able 
and inspired to snatch up the torch that has fallen from the hand of Dr. 
Holmes. R. K. 


Medical Progress Annual 1940. A Series of Fifty-two Reports Pub- 
lished During 1940 in The New England Journal of Medicine. Managing 
Editor: Robert N. Nye, M.D. Pp. 625; 9 illustrations. Springfield, 
111.; Charles C Thomas, 1941, Price, $4.00. 

According to the publisher’s note, this volume “is an up-to-date guide 
to improvements in modern clinical medical procedures in a fairly large 
number of subjects of current interest.” 

The papers are arranged alphabetically according to title and are well 
chosen to present an interesting variety of medical and surgical subjects. 
An index is appended. Four of the fifty-two contributors apparently have 
no titular connection with the Harvard Medical School! W. J. 


A Manual op Allergy. For General Practitioners. By Milton B. 
Cohen, M.D., Director of The Asthma, Hay Fever and Allergy 
Foundation; Visiting Physician in Allergy, St. Alexis Hospital, Cleveland. 
Pp. 156. New York: Paul B. Hoeber, .Inc., 1941. Price, $2.00. 

It is obvious that every family physician must be ready to recognize 
and treat allergic conditions. To gain this knowledge there are available 
to him an increasing number of books on allergy and the current text- 
books on internal medicine. The former, written for those specializing in 
the field, are far too detailed and voluminous; the latter, mitten for medical 
students, are hopelessly inadequate. There is clearly a need for a text on 
allergy that shall be adequate but not too detailed for the general prac- 
titioner, and this need the author aims to fill. Opinions will differ, however, 
in regard to how much the practitioner needs to know, and so the Reviewer, 
while he agrees with nearly all that is said in the book and commands the 
excellence of the presentation, believes it to be decidedly inadequate in 
extent. But “too little” is an error that a second edition can correct far 
more readily than “too much.” ' R. K. 


Applied Pharmacology. By A. J. Clark, M.C., M.D., F.R.C.P., F.R.S., 
Professor of Materia Medica and Pharmacology in the University of 
Edinburgh; Formerly Professor of Pharmacology in the University of 
Cape Town, and Later in the University of London. Pp. 672; 91 illus- 
trations, and 52 tables. Seventh Edition. Philadelphia: TheBlakiston 
Company, 1941. Price, $5.50. 

In this revision one new chapter has been added to deal with the sul- 
fonamide group of drugs, another to cover the pharmacology of the blood 
forming organs, and considerable changes have been made in the chapters 
on endocrines, vitamins, and immunology. Otherwise the book has not 
been greatly changed and the recent literature, particularly that on human 
pharmacology, is for the most part ignored. C. S. 
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put into this magnum opus. It not only contains a vast amount of inter- 
esting reading for the moment, but should long remain a rich storehouse of 
reference for those searching in these fields. E. K. 


Essentials of Electrocardiography. For the Student and Practitioner 
of Medicine. By Richard Ashman, Ph.D., Professor of Physiology, the 
Louisiana State University Medical Center; Director of the Heart Sta- 
tion, Charity Hospital of Louisiana, New Orleans, and Edgar Hull, 
M.D., Professor of Medicine, Louisiana State University Medical School; 
Senior Visiting Physician, Charity Hospital of Louisiana, New Orleans. 
Pp. 373; 122 illustrations. Second Edition. New York: The Macmillan 
Company, 1941. Price, $5.00. 

The second edition of this primer of electrocardiography retains its 
previous format. It has been expanded by 161 pages, with some amplifica- 
tion throughout, by the addition of a chapter on cardiac anatomy, and by 
appropriate discussion and illustration of chest leads. W. J. 


Clinical and Experimental Investigations on the Genital Functions and 

Their Hormonal Regulation. By Bernhard Zondek. Pp. 264; 

59 illustrations. Baltimore: The Williams & Wilkins Company, 1941. 

Price, $4.50. 

This small book describes the author’s experiments in Jerusalem since 
1935, and deals with estrogens in plants, effect of estrogens administered 
percutaneously, effects of long-continued estrogen administration, fate of 
estrogen, progesterone, and prolan in the body, influence of hormones on 
the menstrual cycle, and related subjects. The data are not of very general 
interest, but the book makes available in a concise form the author’s recent 
views and investigations for those who are especially concerned with this 
phase of endocrinology. I. Z. 


Fatal Partners: War and Disease. By Ralph PL Major, M.D. 

Pp. 342; illustrated. New York: Doubleday, Doran & Company, Inc., 

1941. Price, $3.50. 

Two, you might say three, of the Four Horsemen of the Apocalypse rage 
through these compelling pages. It is strange that we have so few books 
dealing directly with the peculiarly potent combination of war and disease, 
even though almost a quarter of a millenium ago Hippocrates announced 
his belief that a man who wished to know about medicine must of necessity 
follow the army. We welcome, then, this presentation by a competent and 
experienced medical historiographer, and especially at this time when much 
of the civilized world is already at war, with more still to come. 

Not attempting a complete narrative of the “fatal partnership,” the 
author lias selected a dozen or more wars that illustrate the changing role 
of disease in warfare. He begins with the Iliad and the Peloponnesian 
War, in the latter of which the predominant role of the Plague of Athens in 
defeating the Athenians is stressed in a way that was never done in the schools 
I attended. The chapter on the Crusades gives good opportunity for a 
consideration of leprosy, scurvy and the noble work of the Knights Hospital- 
lers. The “Gunpowder Era” introduces Par6; an earlier “War of Ideolo- 
gies” is found in the Thirty Years’ War; the debt of the “Corsican Colos- 
sus” to Larrey and Desgenettes provides another interesting chapter, as 
does the “Lady of the Lamp.” 
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“Recent work, however, suggests that some of the sulfonamide dyes (sulfari- 
ilamides) may be efficacious in the treatment of infections with hemolytic 
streptococci and certain other organisms.” H. M. 


A History of Magic and Experimental Science, Vols. 5 and 6, The 
Sixteenth Century (History of Science Society Publications, New 
Series IV). By Lynn Thorndike, Professor of History, Columbia Uni- 
versity. Pp.: Vol. 5, 695; vol. 6, 766. New York: Columbia University 
Press, 1941. Price, $10.00 a set. 

These two volumes conclude Professor Thorndike’s extensive study of 
magic and experimental science from Roman times to the early years of the 
17th century. Lest the title should seem to include two incongruous topics, 
it may be well to emphasize that the author interprets magic in the earlier 
sense represented by the Magi or wise men of Persia, that is, a mental 
attitude toward the world and not “merely a collection of rites and facts.” 
The first pair of volumes, which appeared in 1923, carried the subject 
through the 13tli century, the next pair covered the 14th and 15th centuries, 
this last pair deals with the 16th century. 

As in previous volumes, Dr. Thorndike approaches nature from many 
angles. Lionardo and Aehillini are followed by Codes (chiromancy), 
Nifo (demons), Pomponazzi (incantations), Symphorien Champier, Agrippa, 
Melanchthon, and many others not to be found juxtaposed in other works. 
Chapters more familiar to physicians on Brasavola and pharmacy, and on 
German medicine (why German particularly?), are followed by others on 
alchemy, Vesalius, Fracastorius. Astronomy and astrology naturally demand 
and receive much space. 

In a final chapter, the author’s summary gives a good idea of the ground 
covered in these two, as well as in all six books of the series. In the two 
volumes under review we find that references were made to more than 3000 
persons and to some 1700 topics and names of things. The influence of the 
humanism of the period under consideration is seen in the more frequent 
appearance of verse and orations in these volumes. Printers and publishers 
naturally become more prominent, with those of Venice in the lead, followed 
by Paris, Lyons and Rome; physicians of no fewer than 70 towns required 
notice. The topics most frequently included were animals, vegetables, and 
intellectual, religious and occult subjects, all but the first named being more 
frequent in these than in any of the previous volumes. More than one- 
third of the topics listed for the six volumes are found only in these two 
volumes. One is not surprised to find evidences of the Renaissance reaction 
against the outmoded Middle Ages, and of the tendency to seek for the 
hidden phenomena of nature rather than for the laws that govern them. 
Superstition, belief in witchcraft, intolerance, persecution, plagiarism were, 
to be sure, rife in the 16th century; but those who would look with pitying 
condescension on such benighted habits would do well to consider the more 
serious evil trends that have invaded much of the civilized world today 
and the storm clouds that threaten the very life of our intellectual world. 

Not limited by restrictions of space, that are only too frequent in works 
of this kind, the author is able to lighten his theme with anecdotes and 
obiter dicla. The footnotes give ample evidence, as in previous volumes, of 
the wide range of Professor Thorndike’s scholarship. It is indeed fortunate, 
also, that he was able to complete his consultation of European sources 
before the recent political upheavals rendered so many of them temporarily 
or permanently inaccessible. 

One closes what is apparently to be the last volume of the series with a 
strong impression of the tremendous amount of careful work that has been 
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fare (M-14). By John R. Mohler, Raymond A. Kelser, and Cassius 
Way. (Pp. 39. Price, 50c.) Modern Aspects of the Antituberculosis 
Program (M-15). By J. Burns Amberson, Kendall Emerson, Wil- 
liam Charles White, and Louis I. Dublin. (Pp. 38. Price, 50c.) 
Chemotherapy (M-1G). By E. K. Marshall, Jr., John S. Lockwood, 
and Rene J. Dubos. (Pp. 42; 6 illustrations. Price, 50c.) The Uni- 
versity and Public Health Statesmanship (M-17). By Arthur P. Hutch- 
ens, Harry S. Mustard, Waller S. Leathers, and Charles-Edward 
A. Winslow. (Pp. 33. Price, 50c.) 

Limited space prevents a listing of titles and positions held by the authors, 
let alone a separate review of each pamphlet. Yet a glance at the subjects 
and the names of well-known authorities in many fields of medicine, den- 
tistry and veterinary medicine, gives promise of an excellence of material 
and presentation that a perusal amply fulfills. We have here timely concise 
presentations of present knowledge and probable trends in fields of particu- 
larly active interest and importance, offered by those best qualified to do so. 
The many physicians who were privileged to attend the sessions of the 
Bicentennial Celebration will welcome this opportunity leisurely to read 
and digest the interesting and stimulating things they heard, and will join 
the Reviewer in enthusiastically recommending the whole series to all 
physicians. R. K. 


Diseases of the Nails. By V. Pardo-Castello, M.D., Assistant Pro- 
fessor of Dermatology and Syphilology, University of Havana, etc. 
With a Foreword by Howard Fox, M.D., Professor of Dermatology and 
Syphilology, New York University, University and Bellevue Hospital 
Medical College. Pp. 193; 94 illustrations. Second Edition. Spring- 
field, 111.: Charles C Thomas, 1941. Price, 83.50. 

This excellent little handbook deserves a place on the desk of the practis- 
ing physician, the diagnostician, and of course, by all means, the dermatolo- 
gist. The second edition is materially improved over the first, in more 
extended consideration of the nail dystrophies associated with medical 
conditions; the photograph}" is superior; the press work and half tone 
excellent; the bibliography up to date and inclusive. The book is a valu- 
able contribution to an obscure field. "J. S. 


Temperature— Its Measurement and Control. By Numerous Authors. 
Sponsored by the American Institute of Physics. Pp. 1375; illustrated. 
New York: Reinhold Publishing Corporation. Price, 811.00. Appendix 
of 25 reference tables is included and may be purchased separately bound 
for 81.00 per copy. 

This book is the record of a symposium held in New York, November 2, 
3, and 4, 1939, under the auspices of the American Institute of Physics, 
and commemorating the 20th anniversary of a similar symposium on 
pyrometry. The chapter headings give an idea of the wide range of ap- 
proach to the subject as afforded by 120 papers by several hundred of 
authors from many fields of pure and applied science: temperature and 
temperature scales; precision thermometry; education; natural sciences; 
temperature in biolog}’; temperature and its regulation in man; automatic 
temperature regulation and recording; general engineering; metals and 
ceramics industries; oil industries; optical and radiation pyrometry; thermo- 
metric metals and alloys. The 12 papers by physicians represent only a 
small fraction of the whole volume, yet each presents a distinct contribu- 
tion to the study of temperature. (It is hoped, however, that no reader 
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the undifferentiated character of the small lymphocytes, is accounted for 
by the undifferentiated leukoblasts which are found among the lymphocytes 
which have been used for these cultures. It is true that the authors state 
in their preface that they “have cited literature as it has seemed pertinent, 
not with any idea of completeness but always with the notion of enabling 
the reader to extend his acquaintance with the subject as he may choose. 
This method of selecting a bibliography may here and there do injustice, 
but in a subject still so unsettled, any other course would only add further 
prolixity to a literature already too copious.” However, can we really 
clarify an issue if we ignore observations which do not fit in with our 
theory? W. E. 


The Care of the Aged (Geriatrics). By Malford W. Thewlis, M.D., 
Attending Specialist, General Medicine, United States Public Health 
Hospitals, New York City; Attending Physician, South County Hospital, 
Wakefield, R. I., etc. Pp. 579; 35 illustrations, 23 tables and 15 charts. 
Third edition, entirely rewritten. St. Louis: The C. V. Mosby Com- 
pany, 1941. Price, SG.OO. 

In 1850 only 2.6% of the population of this country were 65 or more 
years old. . By 1940 this percentage had risen to 6.3, and if present trends 
continue, it will reach 14.4 in 1980. Everyone who has practiced medicine 
for some time knows that the aged present many medical problems peculiar 
to their years. It would seem that an increasing attention should be paid, 
both in medical teaching and in practice, to the field of geriatrics. It is all 
the more surprising that, although 17 years have elapsed since the publica- 
tion of the second edition of this work, it is still the only recent English 
text dealing with the medical care of the aged. The book therefore meets 
a real need and should find a wide appeal. While the style is often jerky, 
with sudden changes in the trend of thought, and there is much unnecessary 
repetition, the volume nevertheless offers a vast store of practical informa- 
tion that should make it very helpful to all, especially to young physicians. 

R. K. 


Cerebrospinal Fever. By Denis Brinton, D.M. (Oxon.), F.R.C.P. 
(Lond.), Physician in Charge of the Department for Nervous Diseases, 
St. Mary’s Hospital, London; Assistant Physician to Out-Patients, Na- 
tional Hospital for Nervous Diseases, Queen Square, London, etc. Pp. 163; 
illustrated. Baltimore: The Williams & Wilkins Company, 1941. 
Price, S3.00. 

Epidemic cerebrospinal fever is largely a disease of war time, when 
crowding, poor ventilation and winter colds set the stage for a rapid spread of 
infection. The early months of 1940 witnessed the largest outbreak that 
the United Kingdom has known. Whereas during the 4 years of the world 
war the average yearly number of eases was 2500, including both civilians 
and those in the services, there occurred over 5000 cases in the first quarter 
of 1940, or half as many in 3 months as in the 4 years, 1914 to 1918. Fortu- 
nately, a new and potent treatment was available, so that a new thera- 
peutic triumph can be recorded, both as to mortality (23.7% among 4388 
civilians, 11.3% among 705 non-civilians), and as to length of incapacity 
(3 weeks in hospital, 5 weeks of convalescence before return to active duty). 
This splendid little volume is based on the personal experiences of the author 
and on those of his colleagues in Britain. The emphasis is largely clinical, 
with detailed discussion of the problems of diagnosis; the dosage, mode of 
administration and toxic effects of the sulphonamides; the use of lumbar 
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will give any patient 10 grams of chloral hydrate at a dose, as stated in an 
obvious misprint.) For years to come, this volume should prove an inter- 
esting survey of today’s knowledge on pyrometry as well as a valuable 
reference work. R. K. 


Manual of the Diseases of the Eye. For Students and General Prac- 
titioners. By Charles H. May, M.D., Consulting Ophthalmologist to 
Bellevue, Mt. Sinai and French Hospitals, New York, etc. Pp. 519; 
387 illustrations. Seventeenth edition, revised with the assistance of 
Charles A. Perera, M.D., Associate in Ophthalmology, College of 
Physicians and Surgeons, Medical Department of Columbia University, 
New York, etc. Baltimore: William Wood and Company, 1941. Price, 
$4.00. . 

The 17th edition of this popular textbook appears just 2 years following 
the previous revision. The new edition has been revised and some parts 
rewritten; color plates and illustrations have been added and replaced. 
These changes have brought the contents up to date without any increase 
in size. 

A new addition, of special interest at this time, gives the ocular require- 
ments of the Army, Navy, Marine and Air services of the United States. 

The many editions and 10 translations into foreign language’s of this 
book set a remarkable record. It continues to be an excellent text for the 
undergraduate student and the general practitioner. A. C. 


Lymphatics, Lymph, and Lymphoid Tissue. Their Physiological and 
Clinical Significance. (Harvard University Monograph in Medicine 
and Public Health, No. 2.) By Cecil Kent Drinker, M.D., D.Sc., 
Professor of Physiology, School of Public Health, Harvard University, 
and Joseph Mendel Yoffey, M.Sc., M.D., F.R.C.S. (Eng.), Senior 
Lecturer in Anatomy, University College of South Wales and Mon- 
mouthshire, Cardiff, Wales. Pp. 406; 50 illustrations. Cambridge, Mass.: 
Harvard University Press, 1941. Price, $4.00. 

This book is an important addition to the literature on the lymphatic 
system; it is superbly written and contains a bibliography covering 44 pages. 
In the first chapter the authors describe the anatomic and physiologic 
organization of the lymphatic apparatus. They then discuss the permea- 
bility of blood capillaries and its relation to lymph formation; the permea- 
bility of lymphatics; lymph flow and lymph pressure; the chemical compo- 
sition and physical characteristics of lymph; the biologic significance of 
lymphoid tissue; the cell content of lymph; and the lymphocyte. The last 
chapter is devoted to a discussion of the role of the lymph and the lymphatic 
vessels in such conditions as edema, hypertension, shock, inflammation. 

Though the authors give an excellent review of many features especially 
of the physiology of the lymph gnd the lymph vessels, other aspects, particu- 
larly anatomy and hematology, are not dealt with as profoundly. For 
instance, the authors do not give a clear picture of the cortical nodules of 
the lymph nodes; as a matter of fact, they present a diagram (Fig. 1) 
showing “cortical follicles” which do not exist. Moreover, in their chapter 
on the lymphocyte, they cite many facts and observations which seem to 
speak for the Unitarian theory of leukopoiesis, while important data which 
are not in accord with this theory are not included. Thus, the maturation 
of the Golgi apparatus in the ripening lymphocyte is not mentioned; nor 
is it observed that the appearance of monocytes in tissue cultures of lym- 
phocytes, which is regarded by many as the most important evidence for 



756 


BOOK REVIEWS AND NOTICES 


The Therapeutics of Internal Diseases, Vols. 1 to 5. Supervising Editor, 
George Blower, M.A. (Yale), M.D., David P. Smith Clinical Professor 
of Medicine, Yale University School of Medicine; Consulting Physician to 
the New Haven Hospital. Associate Editor, Albert J. Sullivan, M.D., 
Chief Medical Officer, Gallinger Municipal Hospital, Washington, D. C. 
Pp. Vol. 1, S72; Vol. 2, 1042; Vol. 3, 738; Vol. 4, 791; VoL 5, 765; all 
illustrated except Vol. 2. New York: D. Appleton-Century Company, 

1940. Price, 850.00 the set. 

IPoioids and Fractures. A Clinical Guide to Civil and Military Practice. 
By H. Winxett Orr, M.D., F.A.C.S., Lincoln, Nebraska, Chief Surgeon, 
Nebraska Orthopedic Hospital. Pp. 227; 137 illustrations. Springfield, 
111.: Charles C Thomas, 1941. Price, 85.00. 

Immunity Against Animal Parasites. By James T. Culbertson, Assistant 
Professor of Bacteriology, College of Physicians and Surgeons, Columbia 
University. Pp. 274; illustrated. New York: Columbia University 
Press, 1941. Price, S3. 50. 

The Baker Memorial, 1930-1939. A Study of the First Ten Years of a 
Unit for People of Moderate Means at the Massachusetts General 
Hospital. Pp. 75; 1 illustration. New York: The Commonwealth Fund, 

1941. 

Diseases of the Thyroid Gland. Presenting the Experience of More Than 
Forty Years. By Arthur E. Hertzler, M.D., Surgeon to the Halstead 
Hospital; Professor of Surgery in the University of Kansas. Pp. 670; 
354 illustrations and 2 colored plates. New York: Paul B. Hoeber, Inc., 
1941. Price, 88.50. 
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puncture (now limited to the diagnostic puncture, the final puncture to 
make sure the cerebrospinal fluid has returned to normal, and an occasional 
additional puncture for the treatment of headache or pains in the back 
and neck); nursing care; prognosis (emphasis on early diagnosis, which to- 
gether with increased mortality in infants and the aged, explains the 
difference between civilian and non-civilian mortality). The book should 
be read at once by all physicians who are likely to encounter cases of this 
disease. R. K. 


Microbes Which Help or Destroy Us. By Paul W. Allen, Ph.D., 
Professor of Bacteriology and Head of the Department, University of 
Tennessee, D. Frank Holtman, Ph.D., Associate Professor of Bacteri- 
ology, University of Tennessee, and Louise Allen McBee, M.S., 
Formerly Assistant in Bacteriology, University of Tennessee. Pp. 540; 
102 illustrations, and 13 color plates. St. Louis: The C. V. Mosby Co., 
1941. Price, $3.50. 

This book is a successful attempt to make the layman “microbe con- 
scious” and at the same time, perhaps unintentionally, the authors have 
presented us with a work which could be used to good advantage as a text- 
book for general biology in colleges. The material is well organized, clearly 
presented and easily readable, being, for one thing, printed on eye-ease 
paper. The authors briefly discuss the history of bacteriology, the relation- 
ship of science to man’s well-being, the nature of microbes, and most of the 
specific infectious diseases of man, whether of bacterial, viral or rickettsial 
origin. Fungi and protozoan parasites are also included. Other more 
general subjects considered are: infection and resistance, disinfection, 
community health activities, making drinking water safe, milk and milk 
products, disposal of sewage, garbage and wastes, the importance of microbes 
to surgeons, appendicitis, tooth infections, conjunctivitis, food poisoning, 
various fermented foods and essential industrial products. H. M . 
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Sulfanilamide and Related Compounds in General Practice. By Wesley 
W. Spink, M.D., Associate Professor of Medicine, University of Min- 
nesota Medical School. Pp. 256. Chicago: The Year Book Publishers, 
Inc., 1941. Price, $3.00. 

The Furtherance of Medical Research. By Alan Gregg, M.D., Director 
for the Medical Sciences at the Rockefeller Foundation. Pp. 129. New 
Haven: Yale University Press, 1941. Price, S2.00. 



75S 


PROGRESS OF MEDICAL SCIENCE 


when given by this route, judging from the percentage of ingested drug 
that is recovered in the urine. After single doses, from 40 % to 90 % of 
the latter drug appears in the urine. 190 - 6 57 - 66 ' 70 ' 101117 - 118 Brown d al. 
recovered So % of all the administered sulfapyridine from the urine of 
one of their patients who was treated with this drug for 11 days, but 
this patient received intramuscular as well as oral doses. 190 Kinsman 
d al., on the other hand, were able to recover from the urine less than 
30% of the total drug administered to patients who were under con- 
tinuous treatment with 4-hourly doses of sulfapyridine. 57 Orally ad- 
ministered sulfathiazole and sulfadiazine occupy an intermediate posi- 
tion; they are usually recovered from the urine more completely than 
sulfapyridine but not so well as sulfanilamide. 67 - 83 - 81 - 95 - 97 101 102 - 115 The 
percentage of orally administered sulfaguanidine that is recovered from 
the urine is variable, but is usually quite low. 73 Urinary recoveries 
after ingestion of any of the drugs may vary considerably in different 
individuals. It also seems likely that such recoveries are more com- 
plete after a single dose than they are after repeated doses or during 
continuous administration of the drugs. Parenterally administered 
sodium salts are excreted almost quantitatively. 83 - 870 - 118 

Renal clearances of the sulfonamide drugs have been studied in experi- 
mental animals and in humans. Marshall d al. T2a compared the renal 
clearances of sulfanilamide with the simultaneously determined creati- 
nine clearances in dogs. They found the sulfanilamide clearance to 
he ‘20 % to 30 % of the creatinine clearance, indicating tubular reabsorp- 
tion of 70% to 80% of the sulfanilamide. The findings in man were 
very similar. They also stated that the acetyl form is cleared more 
rapidly than the free form. Stewart d al. 116 arrived at the same con- 
clusions in calculating the sulfanilamide clearances in a number of 
patients (5 hours after the last therapeutic dose. These findings have 
also been confirmed by others. 10 - 16 

Marshall and Litchfield 70 repeated the clearance studies, using sulfa- 
pyridine, and obtained results similar to those with sulfanilamide (16% 
to 39 % of the simultaneous creatinine clearance' : 1 

that sulfapyridine is excreted more slowly than ‘ ■ 

and its excretion is usually not complete even after 3 to 4 days. The 
conjugated sulfapyridine often persists in the blood for some time after 
the free form of this drug can no longer be detected. 10,117118 

Sulfathiazole is excreted rapidly 10 - 67 - 36 - 118 and the clearance of its 
acetyl derivative is usually greater than that of the free form. Sulfa- 
diazine is excreted more slowly than any of the other three drugs that 
have been considered. S3 - 8, - 971 ° 2 When the renal function is normal, the 
conjugated sulfathiazole and sulfadiazine fractions are probably cleared 
more rapidly than the unconjugated ones, since the former often dis- 
appear from the blood before the latter. In this respect, sulfathiazole 
and sulfadiazine seem to differ from sulfanilamide and sulfapyridine. 

The higher clearance rates of the acetyl derivatives of sulfanilamide 
and sulfapyridine, as compared with their free forms, hardly seem com- 
patible with the observation that the conjugated forms of the drugs arc- 
found in the blood for some time after the free drugs can no longer be 
detected. However, since the levels of the conjugated drugs upon 
which these computations of the clearance are based are usually quite 
small, they lend themselves to large errors. Furthermore, determine- 
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THE URINARY TRACT IN SULFONAMIDE THERAPY. 

Three important aspects of sulfonamide therapy, all of which con- 
cern the urinary tract, will be considered in this review. These are: 
1, the excretion of the sulfonamide drugs; 2, the urinary complications 
of sulfonamide therapy; and 3, the sulfonamide treatment of urinary 
tract infections. The first of these is the most fundamental, since the 
two latter phases of sulfonamide therapy are dependent upon the man- 
ner in which these drugs are excreted into the urine. For the most 
part, only those drugs will be considered which have been accepted 
as effective and have come into wide use in this country, namely, 
sulfanilamide, sulfapyridine and sulfatlnazole. The more recently ac- 
cepted drugs, sulfaguanidine and sulfadiazine, will also be considered. 

Absorption and Excretion of Sulfonamides. The sulfonamide drugs 
occupy a unique place in the therapy of disease. They are given in 
large, repeated doses. They are sparingly soluble, yet well absorbed. 
In the body they are partly converted to the para-acetyl derivatives, 
which are less soluble and usually less active and more toxic than the 
parent compounds. They are excreted in both the free and the acetyl- 
ated forms and probably also as other conjugated derivatives. 107 

The various sulfanilamide derivatives are absorbed to different de- 
grees from the gastro-intestinal tract. 70 In the ease of each of the 
sulfonamides, however, almost all of the absorbed drug, regardless of 
the route of administration, is excreted into the urine. Only small 
quantities are excreted in the tears, saliva, breast milk and stools, or 
through the skin. 2 - 20 - 23 ’ 53 

Sulfanilamide is recovered almost quantitatively after oral adminis- 
tration. 68 ' 720 ' 6 ' 116 ' 118 Sulfapyridine is absorbed much less completely 
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Reinhold et al., x in a study of 14 patients on continuous doses of 
sulfathiazole, found oliguria in 3, hyposthenuria in 6 and depression of 
the urea clearance in 6 patients to as much as 50 % of the mean normal. 
They observed that the change was transitory, since in the majority 
of patients there was a return to normal while they were still receiving 
sulfathiazole. These authors do not feel that the renal depression is 
aseribable to sulfathiazole per sc. Climenko et alp produced a marked 
depression of urea clearance and of phenolsulphonphthalein excretion 
with an elevation in blood non-protein nitrogen in some of their dogs 
on large doses of sulfathiazole (150 to 250 mg. per kilo of body weight). 
These changes were temporary and normal renal function was reestab- 
lished quickly when the drug was discontinued. Toomey 123 stressed 
the danger of urinary retention in expediting the precipitation of acetyl 
sulfapyridine and the formation of uroliths. 

Solubility. Allport 6 studied the solubility of sulfanilamide in water 
in relation to temperature. He found this drug to be soluble to 1 part 
in 240 (0.42%) at 15° C. and to slightly more than 1% at body tem- 
perature. At higher temperatures the solubility increased markedly. 
Marshall et alP give the solubility of the free drug as 1.48% at 37.5° C. 
and at pH 7.1, and the acetylated form as 0.534% under similar 
conditions. 

Sunderman and Pepper 121 showed that sulfathiazole and its acetyl 
derivative are more soluble in alkaline urine, at pH 7.5 or higher, than 
in acid urine. The acetyl sulfathiazole is much less soluble than the 
free form. The increased solubility of the acetyl sulfathiazole in alka- 
line solution, however, does not seem to be of sufficient magnitude to 
be of clinical significance, although these authors advise aikalinization 
of the urine to prevent complication in the course of therapy. 

Marshall et alP and Feinstone et ulP have presented the solubilities 
of a number of common sulfonamides in water and in urine. Some of 
the< important solubilities adapted from their combined data may be 
summarized in tabular form. 


TtBI.E I. — Soi.VBH.ITi OF SCLFONAMIDE COMPOUNDS. 

Solubihtv in nig 
per 100 te 


Drug 

In water. 

In urine. 

pH. 

Temperature 

l°C). 

Sulfanilamide 

14S0 


7 1 

37 5 

Acetyl sulfanilamide* 

534 


7 1 

37 5 

Sulfatmanidine 

220 

21S 

7 1 

37 5 

Acetyl sulfaguanidine 

40 

4S 

7 1 

37 5 

Sulfapyridine 

54 

57 

7 1 

37 5 

Acetyl sulfapyridine 

10 

19 

7 1 

37 5 

Acetyl sulfapyridine 


23-31 

G 9 

37 0 

Acetyl sulfapyridine 


30-34 

0 3 

37 0 

Sulfathiazole 

90 


7 1 

37 5 

Acetyl sulfathiazole 

0 


7 1 

37 5 

Acetyl sulfathiazole 


20-3S 

0 3 

37 0 

Sulfadiazine 

12 

32 

0 0 

37 0 

Acetyl sulfadiazine 

15 

S5-SS 

0 9 

37 0 

Acetyl sulfadiazine 


115 

0 3 

37 0 

The acetyl compounds are 

all Xi-ucetyl derivatives. 




When the figures given for solubilities of free and acetylated sulfona- 
mide drugs, based on the experimental studies already mentioned, are 
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tions of drug clearances after oral administration 72 ®' 116 ' 118 may not be 
very reliable because of the variable and irregular absorption of the 
drugs from the gastro-intestinal tract. 

A number of other drugs that have not come into common use have 
also been investigated. Alyea et al 8 found that disulfanilamide was 
absorbed and excreted by the normal kidney more slowly than sulfanila- 
mide, but the sodium salt of the former was excreted much like sulfan- 
ilamide. Sulfamethylthiazole is absorbed and excreted slowly. 40,118 
Glucose-sulfapyridine is excreted much more rapidly than sodium sulfa- 
pyridine after parenteral administration, but after oral administration 
its absorption and excretion are considerably delayed. 37,122 Pi’ontosil 
is excreted very rapidly, 85 % to 95 % of a single dose being recovered in 
the urine within 5 hours. 100 

Effect of Diuresis. There is some disagreement concerning the effect 
of diuresis on the excretion of sulfanilamide. Marshall 720 found that 
diuresis increased the clearance rates of sulfanilamide in dogs and 
Stewart et al. m confirmed this finding in man. Alyea et al., 8 on the 
other hand, found that the total quantity of sulfanilamide excreted 
over a given period was constant regardless of the urinary output. 
They found high sulfanilamide levels in concentrated urines and low 
levels in dilute urine. The results with sulfanilyl-sulfanilamide were 
the same. Lucas and Mitchell 68 did not believe that diuresis increased 
the elimination of sulfanilamide, but their data are based on studies 
in a single patient. 

Sulfapyridine is apparently excreted at a more constant rate irrespec- 
tive of the volume of urinary flow 20 This is probably true also of the 
other common compounds, except sulfanilamide. 

Effect on Renal Function. The effect of high blood levels on renal 
function was studied by Marshall et al. n ' na in dogs. They found that 
large oral doses of sulfanilamide depressed the creatinine clearance for 
several hours, and large intravenous doses (2 gm. per kilo) produced a 
marked decrease in the urine flow and in the creatinine clearance that 
lasted for 6 hours, but there was complete recovery in 24 hours. 
Molitor and Robinson, 77 on the other hand, found no evidence of 
renal damage in rats fed large doses of sulfanilamide for 10 days. 
They studied the urinary output and the ability to concentrate urine. 

Alyea et al. 8 correlated the ability to excrete sulfanilamide with the 
excretion of intravenously administered phenolsulphonphthalein. They 
gave patients 1 gm. of sulfanilamide daily for every 10% of intraven- 
ously injected phenolsulphonphthalein recovered from the urine in the 
first half hour. They found that they could thus maintain a constant 
level of 3 to 4 mg. per 100 cc. of the drug in the blood. In 1 patient 
they measured the sulfanilamide excretion of each kidney separately 
and found that a normal kidney was able to excrete 852 mg. of sulfanila- 
mide in 7 hours, while the other kidney excreted only 43 mg. in the same 
period. The difference in the phenolsulphonphthalein excretion of these 
kidneys was comparable with that of the sulfanilamide excretion. 

/With sulfapyridine, Marshall and Litchfield 70 found that the very 
high blood levels (38 to 45 mg. per 100 cc.) attained following intraven- 
ous injection of the sodium salt depressed the creatinine clearances 
slightly. They state that this drug appears to cause no more depres- 
sion of renal function than does sulfanilamide. 
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not all, of this gave a reaction for iron and presumably resulted from 
changed blood. 

Antopol and Robinson 10a found urolith formation in 2 of 300 rats 
who had been given large daily doses of sulfanilamide. Hawking 47 
found large numbers of crystals “which resembled those of sulfanila- 
mide” in the urine of rabbits after single large intraperitoneal doses. 
He found no renal lesions in these animals. Oakley, 80 however, ob- 
served calculi of prontosil dye in the kidneys of mice following the 
administration of large single doses or of repeated small doses of this 
drug. These calculi gave rise to obstruction with dilatation of the 
straight and convoluted tubules. The death of many of these mice 
was attributed to renal failure resulting from this obstruction. Stewart 
ct al. m reported a unique experience in a patient in whom precipitation 
of acetyl sulfanilamide crystals occurred in an indwelling catheter dur- 
ing the collection of urine for clearance determination. 

Nelson 79 administered di-sulfanilamide to rabbits and found degenera- 
tive changes in the kidneys, with dilatation of the tubules which con- 
tained some crystalline material that may have been precipitated drug. 
Similar changes were noted after sulfanilamide, but these were only 
slight or moderate in degree. Sulfanilamide crystals were observed in 
the collecting tubules, but these were fewer than with di-sulfanilamide. 
In hens, he could demonstrate only very slight renal change from toxic 
doses of sulfanilamide. 

From the course of events in some cases of acute hemolytic anemia 
resulting from sulfanilamide therapy, one might expect to see patho- 
logic changes in the kidney similar to those observed in fatal cases of 
blackwater fever or after hemolytic reactions that follow transfusions. 
Such findings have indeed been reported in one case, 135 in which plugs 
of precipitated hemoglobin were seen in the kidney tubules and death 
resulted from renal failure. We have also seen a case of delayed death 
from uremia following acute hemolytic anemia that occurred in the 
course of sulfanilamide therapy. Myers and Rom 78 reported a case of 
acute hemolytic anemia with hemoglobinuria, uremia and anasarca 
after 460 gr. of sulfanilamide given over a period of 60 hours. Their 
patient made a complete recovery. Spring and Bernstein 115 reported 
2 such cases, in each of which they mention the occurrence of renal 
damage, but they present little evidence to indicate that such damage 
occurred. Their patients had minor and transient elevation of blood 
urea nitrogen. Koletsky 60 noted no specific changes at autopsy in a 
ease of hemolytic anemia resulting from sulfanilamide. In this case, 
he observed clumps of yellowish-brown material in the collecting tubules, 
but these did not give a reaction for iron. 

Changes in the kidney due to the direct action of sulfanilamide or its 
acetyl derivative must be extremely rare, if they occur at all. This is 
probably due to the relatively high solubility of these compounds in 
the urine of patients under treatment. 

Sulfupyritline. In marked contrast to sulfanilamide, which produces 
little or no change in the kidney, sulfapyridine produces the major 
share of its toxic effects in this organ. It is of interest that Wien, ir 
the first to investigate the toxicology of sulfapyridine, found no renal 
damage, but he used small doses. Crystalluria was recognized early 
by Stokinger. 117 Shortly thereafter. Gross cl n/. 44 - 45 and Antopol and 
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compared with the much higher concentrations actually found in the 
urine of many patients under therapy, 8 ' 20 ’ 27,s3 it becomes obvious at 
once that other factors must come into play. A few observations have 
been made which serve to explain this discrepancy, at least in part. 

Curtis and Sorbin 28 investigated the solubility of acetyl sulfapyridine 
in urine and found that it increases with increasing specific gravity of 
the urine. They suggested that the solubility may vary with the urea 
content. Their preliminary studies with acetyl sulfathiazole indicated 
that the solubility of this drug is similar to that of sulfapyridine. 

Scudi et al. 107 isolated from urine a diazotizable derivative of sulfa- 
pyridine which was present in concentrations far above the known in 
vitro solubilities of the free drug or of its acetyl form. They considered 
that this soluble compound might be a glucuronate of sulfapyridine 20 ’ 107 
and were able to demonstrate a markedly increased glucuronate excre- 
tion on a controlled diet in normal males, and in pneumonia patients 
following ingestion of sulfapyridine. 

Concentration of Sulfonamides in the Kidney. Animal experiments 
have indicated that sulfanilamide is distributed more or less evenly in 
the various tissues, 72 ® while sulfapyridine, sulfathiazole and sulfadiazine 
are distributed somewhat unevenly. 24,70 In patients treated with sulfa- 
pyridine Brown et al. l9a found the concentration of the drug in the 
kidney to be much higher than in other organs. Other studies from our 
laboratory 83 - 118 have indicated that, in patients dying while under sulfon- 
amide therapy, the concentration of drug in the kidney of those who 
had received sulfanilamide is the same as in the blood and other organs. 
It was considerably higher in the kidney than in the blood and other 
organs in those who had been given sulfapyridine or sulfathiazole. A 
large proportion of the additional amounts were found to be in the con- 
jugated form. In most of the kidneys from fatal sulfadiazine treated 
patients the concentration of drug was the same as in the blood, thus 
resembling sulfanilamide, but in one isolated case a much higher level 
was found in the kidney. While the concentrations of various drugs 
in the kidney may be influenced by contamination with urine, 19 ® these 
findings are nevertheless of interest in view of the greater tendency of 
renal complications to occur with sulfapyridine and sulfathiazole, as 
compared with sulfanilamide and sulfadiazine. 

Pathologic Changes in the Urinary Tract Resulting From Adminis- 
tration of Sulfonamide Drugs. Sulfanilamide. Direct renal damage 
resulting from sulfanilamide administration is quite rare and it is cer- 
tainly less frequent than with any of the other drugs with which we are 
concerned in actual therapy. Domagk, 30 in his first report on prontosil 
in mice, noted that it produced no pathologic elements in the urine. 
Marshall et al. 71 reported a similar absence of abnormal urinary findings 
in dogs receiving large doses of sulfanilamide (0.1 to 0.2 gm. per kilo 
daily) for several months. These animals had normal kidneys at 
autopsy. A very large single dose (2 gm. per kilo) produced minimal 
pathologic changes in the collecting and Henle’s loop tubules. Mice 
dying as a result of large doses of sulfanilamide and acetyl sulfanilamide 
were found to have normal kidneys. 

Molitor and Robinsop, 77 in studies on chronic toxicity of sulfanila- 
mide in rats, found considerable collections of granular brown pigment 
in the convoluted tubules and occasional brownish casts. Much, but 



764 


PROGRESS OF MEDICAL SCIENCE 


Renal complications are generally considered to be more frequent 
under sulfapyridine therapy than with any other common sulfonamide. 
Gross el al. ib collected from the literature reports of 12S cases of hema- 
turia resulting from sulfapyridine, with uroliths specifically mentioned 
in 7 cases. Renal complications are also frequent in infants and in 
children. 51 - 9S 106 110 130 m The incidence of hematuria varies from less 
than 1 % to as high as 40 %. 9 13 196 43 51 55 - S2 93 The latter figure is from 
Antopol’s series of 40 sulfapvridine-treated pneumonia patients. 9 Crys- 
talluria is even more frequent, but, by itself, it is probably not signifi- 
cant. In most series, the incidence of urinary complications is between 
5% and 10%. There are a few observations which indicate that the 
renal damage resulting from therapeutic doses is usually not perma- 
nent. 196 51 

MacLeod 63 noted that renal function may be depressed during sulfa- 
pyridine treatment without the appearance of hematuria. In 2 patients 
treated with this drug he observed a temporary depression of the urea 
clearance to critical levels associated with azotemia, although hema- 
turia was absent in either instance. He also found that acute hemor- 
rhagic Bright’s disease developed in 2 other patients with pneumonia 
who received this drug. Both of these patients recovered from the 
acute phase, one apparently completely, but in the other case only 
partial recovery took place during 4 months following the onset of the 
nephritis. 

EldahP reported a series of 55 patients treated with acetyl sulfapyri- 
dine in which only 1 case of hematuria was noted. The compound he 
used was probably the Xi-acetyl derivative, which is an active com- 
pound, and not the para-acetyl derivative, which is the form that is 
excreted in the urine in patients treated with sulfapyridine and which 
is inactive. Brown ct al. i% and Plummer and McLellan 86 showed that 
the calculi formed by precipitation of the latter are not radio-opaque. 

Ravid and Chesner 95 reported a case of anuria that resulted from a 
hemoglobin precipitate in the renal tubules resulting from hemolytic 
anemia caused by sulfapyridine. Tragerman and Goto 1 - 4 reported a 
similar case. Since acute hemoh tic anemia is much less frequent with 
sulfapyridine as compared with sulfanilamide, renal damage from this 
mechanism is correspondingly rare. 

Sulfal/iiazotr. Renal change resulting from administration of this drug 
may be much the same as that produced by sulfapyridine. 1 43 s - 63 91 1:6 131 
Rake <t «/. 9J showed this in rats, although sulfathiazole was less toxic 
for these animals than was sulfapyridine. They believe that both 
drugs produce primary damage to the glomeruli and tubules which is 
independent of the mechanical obstruction. Gross cl al. a found acetyl 
sulfathiazole precipitated in the collecting tubules and occasionally in 
the convoluted tubules. Lehr <t nl. 6 - reported finding a precipitate of 
free sulfathiazole in the kidneys of rats and mice after massive single 
doses of the drug. In animals that died quickly the drug was found 
in the renal tubules and papillary duets, but in those that lived longer 
the precipitate was found .successively in the ureters and in the bladder. 

Horuek 63 and Pepper and Ilorat k 51 described the kidneys of a patient 
who died after a period of anuria while on sulfathiazole treatment. 
They saw gritty deposits in the collecting tubules, and the pelvis of 
each kidney was hemorrhagic and thickened and filled with gritty 
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Robinson 100 ' 6 recognized urinary obstruction from drug calculi in experi- 
mental animals. The former workers analyzed the crystalline material 
obtained from the urinary tract and found it to consist largely of the 
acetyl form of sulfapyridine. Almost simultaneously there appeared 
reports by Lawrence 61 and by Southworth and Cooke 112 of 3 cases of 
hematuria associated with sulfapyridine therapy in man. In these cases 
there was renal colic and nitrogen retention. 

There have been numerous subsequent reports on renal change in both 
experimental animals and man, as well as numerous case reports of sulfa- 
pyridine oliguria and anuria. 3 - 11 - 19 *' 6 ' 22 -^^ 

The clinical picture has been described many times and is now gener- 
ally recognized. Hematuria is one of the chief symptoms and may or 
may not precede oliguria. Anuria may appear suddenly or after a 
short period of oliguria. It may appear early or late in the course of 
drug administration, or even after the drug has been stopped. 111 If 
any urine is passed, it usually is grossly bloody and contains large 
amounts of crystalline material which can usually be shown to be 
mostly acetyl sulfapyridine. 44 Renal or ureteral pain is marked. Stop- 
ping the drug and forcing fluids may relieve the symptoms rapidly and 
completely, but ureteral catheterization and lavage are often necessary. 
Drug retention occurs and acetylation usually becomes marked under 
these conditions. The non-protein nitrogen may rise progressively 
unless the obstruction is relieved and the urine flow reestablished. The 
condition may be unilateral, in which case there is no nitrogen or drug 
retention. The blood pressure is usually not elevated unless there is 
complete kidney shut-down. 

The pathologic changes in the urinary tract produced by sulfapyridine 
are mainly the result of the precipitation of acetyl sulfapyridine in the 
urinary tract. The lesions may be unilateral or bilateral. The earliest 
lesions consist of the aggregation of crystals with blood and amorphous 
material, anywhere along the urinary tract. These may give rise to 
obstruction of the urinary flow. The ureters and pelvis become dilated 
and thinned and the kidneys become enlarged and edematous. Hemor- 
rhagic ureteritis and pyelitis occur with periureteral inflammatory 
changes. The renal pelvis is often filled with gross aggregates of crys- 
tals, amorphous material, fibrin and blood, and these may extend 
upward into the papillary ducts. The kidney tubules may show vary- 
ing degrees of dilatation and epithelial degeneration with intertubular 
collections of leukocytes. The glomeruli may also be affected and the 
glomerular spaces may be enlarged. The distended tubules are often 
visible grossly in the cut section of the kidney, and appear as striations 
radiating from the pelvis. 100 ' 6 ' 190 ' 85 ' 876 ' 92 ' 103 ' 119 ’ 123 ' 125 ’ 126 

The high concentration of sulfapyridine in the kidney, as compared 
with blood and other organs, has already been noted. These levels may 
be particularly high in those who die as a result of renal failure. In 
such cases, the percentage of drug found in the kidney as the acetyl 
derivative is usually very high, particularly if the last dose was given 
some time before death occurred. 

Sulfapyridine may also produce primary parenchymal renal damage 
that is not a result of precipitated crystals or obstruction. 100 - 6 - 92 Occa- 
sionally thrombi are found in the kidney veins, and obliterating lesions 
are seen in the lumens of veins that are not close to inflammatory zones. 92 
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plications are more common in an acid urine. Wilson and Billingsley 131 
and Sadusk et al. im have obtained alkaline urine by cystoscopy from 
the renal pelvis of patients who were suffering from sulfapyridine uro- 
lithiasis. The greater solubility of the acetyl derivative in alkaline 
solutions has already been mentioned. It is probably beyond the 
capacity of the human kidney to excrete urine which is sufficiently 
alkaline to increase significantly the solubility of the acetyl compounds. 

Excretion of Sulfonamides in Patients With Reduced Renal Function. 
Lucas and Mitchell 63 noted that in the presence of impaired renal func- 
tion, the blood concentration of sulfanilamide rises rapidly and, when 
the renal dysfunction is marked, very high levels can result from small 
doses. Long 63 noted that an anuric patient maintained a constant 
blood level for 1 week after a single dose of sulfanilamide. We have 
observed a patient who maintained a high sulfapyridine level in the 
blood for a whole month after his last dose of drug. In this patient 
there was a rising level of blood non-protein nitrogen, increasing edema 
and rising blood pressure. The percentage of circulating sulfapyridine 
which was in the conjugated form increased progressively so that after 
3 days, about two-thirds of the drug was found in the blood in that 
form. Allen 3 reported a case with marked sulfanilamide retention and 
excessive acetylation accompanying nitrogen retention. Strauss et al. m 
found that patients who had elevated blood non-protein nitrogen values 
before death had, at autopsy, high concentrations of drug in the cardiac 
blood with large proportions of it in conjugated form. Reinhold ct al. % 
state that the clearance of both sulfathiazole and acetyl sulfathiazole 
is reduced in the presence of impaired renal function. Sulfadiazine is 
probably tolerated by the damaged kidney better than either sulfa- 
pyridine or sulfathiazole. Long** 3 -* noted that in the face of grave 
kidney damage, the free and conjugated fractions of sulfadiazine seem 
to be more readily excreted by the damaged kidney than is usually the 
case with sulfapyridine or sulfathiazole, and this corresponds with our 
experience. 38 

Use of Sulfonamides in the Treatment of Urinary Tract Infections. 
Prontosil. Soon after the discovery of prontosil by Domagk, its value 
as a urinary antiseptic was appreciated. Huber 31 used it with excellent 
results in the treatment of colon bacillus pyuria in 14 children and 
ascribed its first use in this condition to Temming, but noted that the 
latter failed to study the bacteriology of his cases. 

The use of sulfanilamide was soon taken up in England by Kenny ft 
al . 36 and in this country by Helmholz. ls “ It was found to be extremely 
valuable in the treatment of pyelitis of pregnancy 13 17 88 and rendered 
largely unnecessary the former practices of acidification and alkaliniza- 
tion, ureteral drainage and the occasional resort to therapeutic abortion. 

Many authors have reported successes in the treatment of acute colon 
bacillus infections of the urinary tract. 7 - 13 - 17 - 26,31 - 12,180 ' 50 - 83 - 33 - 1 ”' 109 ' 120,127 ’ 128 
It soon became apparent, however, that although the colon bacillus was 
eradicated, some other organisms remained unaffected. Staphylococcus, 
however, was generally found to besusceptible. 13 ' 1 - 30 - 88 - 91 - 109 - 120 - 127 Barer 10 
reported a cure of typhoid bacilluria with sulfanilamide. 

Strep, fxcalis is generally regarded 26 - 180 - 19 - 73 - 76 as resistant to sulfanila- 
mide. Bliss and Long 13 found that beta hemolytic streptococci belong- 
ing to Group D were resistant in several patients. They also tested a 
number of strains in citro and found them all resistant to this drug. 
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material. Loewenberg ct al. & found calculi in the collecting tubules of 
the kidney, in the ureters and in the bladder of a patient who died 
during sulfathiazole treatment. 

Spink and Hansen 114 encountered nitrogen retention with oliguria 
once and gross hematuria once among 100 sulfathiazole-treated cases. 
Others have encountered these complications in about the same fre- 
quency. 39 - 41 ’36, 129. no Q arv in ( 41 however, noted hematuria in 14% of 
sulfathiazole-treated cases, as compared with 10% of those receiving 
sulfapyridine, but he gave as much as 10 gm. of sulfathiazole daily 
in an attempt to -attain blood levels comparable with those found in 
patients receiving 5 gm. of sulfapyridine daily. He noted crystalluria 
in 61% of patients treated with sulfathiazole and in 28% of those 
treated with sulfapyridine. The differences are understandable in the 
light of the larger doses of the former, as well as its more rapid excretion 
into the urine. Anuria and oliguria from sulfathiazole treatment have 
been noted in a number of reports, 11 • 41 ' 52,59 ' 64a 114 but ureteral catheteriza- 
tion and lavage have not been used in these cases. 

Sulfadiazine has only been in use for a short time and it is probably 
too soon to evaluate the renal complications of therapy with this drug. 
Feinstone et a/. 35 found almost no tissue damage from this drug in both 
monkeys and rabbits. In a summary of the renal complications in 
872 cases collected from the early clinical reports, 36 hematuria 29 was 
found in 1 %, anuria in one case, crystalluria in 1 1 .7 % and nitrogen reten- 
tion in 1.1 %. We have observed one case of anuria treated successfully 
by ureteral catheterization and another in which the procedure was 
applied late and proved ineffective. Dowling et al?- have recently 
reported slight nitrogen retention (levels of blood urea nitrogen remain- 
ing below 50 mg. per 100 cc.) in 2 of 137 cases treated with this drug. 
They found crystalluria less often than with the sulfapyridine or 
sulfathiazole. 

Sulfonamide Crystalluria. Several authors have described the crys- 
tals found in the urine of patients who are under treatment with various 
sulfonamide drugs. Stewart ct al. m identified the crystals in their cases 
as acetyl sulfanilamide but did not describe them. Antopol 9 described 
“arrow-head” crystals in the urine of a sulfapyridine-treated patient. 
Plummer and McLellan noted similar forms. 85 Backhouse 13 described 
the crystals of acetyl sulfapyridine and identified them. Sadusk pre- 
sented illustrations of crystals from the urine in patients treated with 
sulfapyridine 103 and with sulfathiazole. 101 The latter have also been 
illustrated by Sunderman and Pepper, 121 who identified them as acetyl 
sulfathiazole. 

Prien 89 suggested the use of polarized light to identify the various 
sulfonamide crystals found in the urine. He and Frondel 90 described 
the crystalline forms of the free and acetylated varieties of sulfanilamide, 
sulfapyridine and sulfathiazole. Their excellent and accurate descrip- 
tion and photographs of the crystals as seen by the ordinary microscope 
should be a great aid in their identification. 90 

Whether renal complications result more frequently in an acid urine 
than in an alkaline urine has been a subject of more speculation than 
objective study. Schwartz et al. m found that sulfathiazole crystal- 
luria was less frequent if patients received equal doses of sodium bicarbo- 
nate with their drug. There is no agreement as to whether renal com- 
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lErobctctcr, in vitro, showed that the bactericidal and bacteriostatic 
effect of sulfanilamide in urine is closely related to the inoculum. A 
small number of organisms was often killed by low concentrations, 
while large numbers grew rapidly in high concentrations of the drug. 
More recently, Hill 30 showed that urine from patients receiving sulfa- 
thiazole by mouth has a greater bacteriostatic action than when this 
drug was added to urine in the same amounts in vitro. This would 
indicate that the drug may be changed and potentiated during its excre- 
tion into the urine. Heknholz and Osterberg 49 also noticed the greater 
bactericidal power of the urine of sulfanilamide-treated patients as 
compared with the in vitro action of this drug. They found that acetyl 
sulfanilamide in concentrations up to 200 mg. per 100 cc. had no bac- 
teriostatic effects against any of the common urinary pathogens at all 
pH levels tested. 

Mellon and Shinn 74 showed that sulfanilamide has greater bacterio- 
static power in urine than in broth and that urine lost its “potentiat- 
ing” effect for E. coli when contaminated with broth. Spink 113 showed 
that staphylococci are readily killed by sulfanilamide in urine, but are 
only slightly affected in broth. He recognized that even urine is not 
an optimum medium and noted that small quantities of broth destroyed 
the bactericidal power of the drug in urine. He also found that the 
bactericidal power of sulfanilamide in urine is greatly increased by 
raising the temperature. Several workers have attempted to correlate 
clinical with in vitro results. Vest d al . 127 found a good correlation 
between clinical cures and the in vitro effects of the drugs used on the 
patients’ organisms. Others found no close correlation. 75 - 93 ' 94 

Chronic and Complicated Cases. Ballenger d al. u pointed out that 
foci or “dead spaces” in the urinary tract may contribute to many of 
the failures of sulfonamide therapy. Most authors are agreed that 
cures are difficult to attain in cases of chronic urinary tract infec- 
tions and in those in which there are important complicating factors. 
Mitchell d a/. 76 cured S5% of their uncomplicated urinary tract infec- 
tions, and only 30 % of those that were complicated by strictures, stones, 
tumors or other lesions. Others have had similar experiences. 7 27 3S - 93,94 

Relapses of infection in the urinary tract are not uncommon following 
sulfonamide therapy. Kenny d aid 1 noted an instance in which colon 
bacillus infection relapsed during the puerperium. Alyea and Roberts’ 
noted at least 7 relapses in over 200 patients. Me have found that, in 
general, cases of chronic urinary tract infection may have temporary 
clearing of the baeilluria and of the abnormal urinary findings, but these 
frequently recur. In acute infections, relapses have been noted, in 
cases associated with apparently susceptible organisms, when the dose 
has been inadequate or the treatment discontinued too soon. Such 
cases usually respond when treatment is resinned with adequate doses 
for a long enough period. 

Trtatnunt of .1 cute Glomerular Xephritis. Williams d ul. m used 
sulfanilamide in the treatment of about .50 patients with acute glomeru- 
lar nephritis and followed their eases over a period of 2 to 3 years. 
They felt that the course of the acute disease was shortened. Eventu- 
ally they had more cures in their treated patients than in a large number 
of control patients from whom sulfanilamide was withheld. 

Dosaijc. The doses of the sulfonamides used to treat urinary infec- 
tions have been lower, in general, than those Used to treat other infee- 
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Proteus bacillus infections appear to be quite resistant to sulfanila- 
mide 34 ’ 480 ,75 and so are those due to /Erobacter serogenes. m Pseudomonas 
infections are completely resistant to sulfanilamide. 486 ' 109 

Austen 12 used sulfanilamide-maltoside, a very soluble conjugate, in 
the treatment of urinary tract infections by pelvic lavage. He achieved 
bacteriologic cure in 1 of 10 cases and recommended this treatment for 
selected cases. 

Albright et al . 4 used sulfanilamide in the treatment of 2 patients with 
Ilsemophihis influenzas pyelonephritis complicated by diffuse nephro- 
calcinosis and a persistently alkaline urine. The urines in both of these 
patients were eventually sterilized and became acid, thus removing 
what they believed to be an important factor in the etiology of the cal- 
cium deposition. 

Sulfapyridine has not been used extensively in urinary tract infections. 
Melton 75 found that it was ineffective against Strep, fsecalis and gave a 
variable response in proteus infections. In colon bacillus and staphylo- 
coccal infections it was about as effective as sulfanilamide. 

Sulfathiazole has already been used quite extensively in urinary tract 
infections. Helmholz 485 emphasized its effectiveness against the staph- 
lococcus and found it superior to sulfanilamide against Strep, fsecalis 
but ineffective against Pseudomonas seruginosa: m Rammelkamp and 
Stoneburner 93 found sulfathiazole to be highly effective in acute uncom- 
plicated cases of colon and Proteus bacillus infections and obtained 
marked improvement in other cases. Pool and Cook 86 cured 3 of 7 cases 
of Strep, fsecalis infections with sulfathiazole and sulfamethylthiazole. 
Culp 27 found sulfathiazole effective against Staph, aureus and albus, 
B. proteus, E. coli, /. Erobacter xrogenes, C. xerosis (which he includes as 
a pathogen) and alpha streptococcus ( mitis ), but Strep, fsecalis proved 
resistant. 

Rammelkamp and Stoneburner 93 found that sulfathiazole in a con- 
centration of 10 mg. per 100 cc. in urine was more bacteriostatic than 
sulfanilamide, sulfapyridine or sulfamethylthiazole against staphylo- 
coccus and against colon, proteus and rerobacter organisms. 

Stdfadiazine has not been used long enough to determine its exact 
place in the treatment of urinary tract infections. Feinstone et at? 6 
found this organism highly effective in vitro and in experimental animals 
against Staph, aureus and Type B Friedlander bacillus. Long 846 ’ 0 also 
found it effective in mice against these organisms and against E. coli. 
Klinefelter 58 found it more effective than sulfathiazole against E. coli, 
both in vitro and in experimental infections in mice. Finland et al. 3s 
found it as effective as any other common sulfonamide drug in urinary 
tract infections. It was found to be particularly effective in acute 
colon bacillus infections. 

In Vitro Studies. Several workers studied the effect of urinary pH on 
the in vitro action of the sulfonamides. 486 ’ 49 ' 50 ' 56 ’ 75 ’ 109 ' 128 In general, 
they found them to be more bacteriostatic at higher pH levels for a 
variety of organisms. This is particularly marked in the case of the 
action of sulfathiazole on staphylococci. Melton 75 found sulfanilamide 
and sulfapyridine to be equally effective against E. coli at pH 0.7 and 
at pH 7.5. Kenny et al. m also found sulfanilamide to be effective 
against these organisms in a wide pH range. 

Vest ct al., 1 ' 11 working with staphylococcus, E. coli, B. proteus and 
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tions. Alyea and Roberts 7 found that doses of from 1.8 to 3 gm. daily 
were as effective as larger doses. Barr 17 advises doses of 1.8 to 2.4 gm. 
of sulfanilamide daily. Mitchell ct al. 7B started with very small doses 
which they increased daily until they obtained bacteriostatic levels of 
the drug in the urine, and then maintained these doses. Their maximum 
dose was usually about 4 gm. Both these groups of workers reported fewer 
reactions with the smaller doses. Helmholz 486 emphasized the fact that 
very small doses of sulfathiazole are sufficient to inhibit the growth of 
staphylococci. Culp 27 used doses of 1.9 to 8.7 gm. daily, but in most of 
his cases he used 4 gm. daily (in divided doses). 

Rammelkamp and Stonebitrner 93 concluded from their in vitro and 
in vivo studies with sulfathiazole that concentrations of from 50 to 
200 mg. per 100 cc. are usually sufficient to sterilize the urine and that 
such levels can be maintained by giving 2 to 4 gm. daily in divided doses. 
In cases of severe infections, especially those associated with obstruc- 
tion, concentrations between 200 and 450 mg. per 100 cc. may be 
needed, and these require an intake of from 4 to 6 gm. daily. Gessler 
and Lippens 42 found 2 to 3 gm. of sulfanilamide daily sufficient to cure 
colon bacillus infections. The early successes of Kenny et alP are 
interesting in that they used 0.5 or 0.6 gm. of sulfanilamide three times 
a day in their cases. Bandstrup 15 used similar doses in his cases with 
good results. Carroll d air 1 usually gave doses of 4 gm. daily, but they 
sometimes used 14 gm. a day when it seemed indicated. 

Fluids. The effect of the volume of fluid intake upon the efficiency 
of sulfonamide therapy is a subject on which many have expressed 
opinions but few have presented convincing data to support them. 
The admonition to restrict fluid intake during sulfanilamide administra- 
tion has been widely enunciated and practised. The studies of Alyea 
et aid have shown that the size of the dose of sulfanilamide and the 
volume of the fluid intake made little or no difference in their clinical 
results. With sulfapyridine and sulfathiazole, the necessity of main- 
taining a large urinary output in order to prevent urinary complications 
precludes the restriction of fluids. 

Complications of drug therapy in urinary tract infections are the same 
as in the treatment of other infections. As already mentioned, they 
may be less frequent if smaller doses are used. Carroll et air 1 found 
complications requiring the cessation of drug therapy in 15% of sulfa- 
thiazole-treated patients. Culp 27 observed a large number of compli- 
cations in sulfathiazole-treated patients and stated that most of them 
occurred in the presence of high blood levels. The almost complete 
absence of complications in the cases reported by Gessler and Lippens 42 
and by Kenny d a/. 56 are interesting since they used very small doses 
of sulfanilamide. In patients with good kidney function, there seems 
to be no positive evidence that renal complications of sulfonamide 
therapy are more frequent in the treatment of urinary tract infections 
than in the treatment of other infections, such as pneumonia. 

Osler L. Peterson, M.D. and 
Maxwell Finland, M.D. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard Medi- 
cal School, Boston. 
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PULMONARY TUBERCULOSIS. 

Roentgenologists, as a result of experience, have well-formed 
concepts of the roentgenologic appearance of pulmonary tuberculosis 
in its varying types and combinations of types. These concepts include 
characteristics of the shadows and typical locations of the lesions, .and 
are so accurate that the wise pathologist at necropsy will use all the 
resources at his command before he disputes the diagnosis of the 
roentgenologist. With this introduction, Birkelo, a roentgenologist, 
and Brosius,'- a pathologist, presented a series of cases, in each of which 
a diagnosis of pulmonary tuberculosis had been made from the roent- 
genographic image and correlation of the data of the clinical history and 
physical examination. In all of these cases, the major illness subse- 
quently was proved to be non-tuberculous. The cardinal symptoms 
of pulmonary tuberculosis, cough, hemoptysis, thoracic pain, loss of 
weight, night sweats, and fever were present in varying combinations 
and in varying degrees in all of the cases. 

These cardinal symptoms, Birkelo and Brosius 3 asserted, are common 
to so many pulmonary diseases that they are not, in themselves, diag- 
nostic. They pointed out that cough, when productive of foul sputum, 
indicates pulmonary abscess of bronchiectasis, but can be a feature 
of tuberculosis in which there is excavation and secondary infection. 
Hemoptysis, although it frequently occurs in tuberculosis, also can 
occur from pulmonary congestion resulting from cardiac lesions or 
from ulcerating lesions of the bronchial tree, the latter including cancer 
and bronchiectasis. In their experience, thoracic pain is usually less 
prominent in tuberculosis than in cancer and pneumonia. Although 
loss of weight is nearly always present in cancer and usually is a feature 
of tuberculosis, it does occur in other debilitating and chronic pulmo- 
nary diseases. Even the history of exposure to tuberculosis, or the 
eliciting of roentgenographie evidence of previous tuberculous infection, 
they found, can be either misleading or helpful and has to be evaluated 
with extreme caution. Night sweats and fever, in their experience, 
are the least diagnostic of the so-called cardinal symptoms. They 
regarded sudden onset of a tuberculous infection as much more common 
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Ghon as having asserted that about S5% of cases were of this type. 
In Sweany’s experience these lesions resulted from a single area of 
infiltration that had definite central caseation; this was first apparent 
in the roentgenogram as a cloudy infiltrate, with poorly defined borders, 
which gradually cleared front the nebulous mass to a more discrete 
shadow with a sharper border. The decrease in size of the primary 
lesion he found to be rather rapid during the first year; later the 
decrease in the diameter was approximately 10% per annum for several 
years. The contraction apparently resulted from the laying down of 
new fibrous tissue each year during the first 6 to S years. Further dis- 
integration continued from within by a process of resorption. 

The first evidence of primary tuberculous lesions in childhood is 
distinguishable from pneumonia by correlation of the roentgenographic 
features with the clinical data. Onset of the primary tuberculous 
lesion is insidious or attended with little more than an ephemeral initial 
fever which is frequently considered as “grippe.” This fever rarely 
lasts more than a week or 10 days and may last for only a few days. 
In the majority of cases tuberculosis is asymptomatic within 2 weeks 
after its appearance of the allergic phase. When marked symptoms do 
appear, the possibility of beginning ulceration or mixed infection must 
not be overlooked. The changes in the degree of contraction and the 
over-all density of the various lesions observed were consistent and 
indicated clearly that the age of these could be estimated roughly by 
observing roentgenographic densities on serial roentgenograms made 
over a period of (5 to S years after infection. 

In a fourth group of cases the author placed those in which large 
infiltrates had been resorbed and had left behind various “shrapnel- 
like” areas of calcification. He found that a large focus may clear 
and leave a large number of calcified foci that produce a roentgeno- 
graphic image similar to that of the calcification in a healing re-infection 
type of lesion. Generally, a whole lobe was involved in the infiltrative 
process; occasionally infiltrates had cleared around the border and left 
circumscribed, poorly calcified masses. In some cases the circumscribed 
masses had broken up into smaller foci as a result of the penetration 
of the central mass by capillaries and subsequent proliferation of reticu- 
lum and fibrous tissue. The basic reticulum in these masses apparently 
persisted for long intervals after encapsulation and was revived by the 
inroad of new capillaries. 

A fifth group was comprised of cases in which ulceration or over- 
flowing of the lesion led to an exacerbation of the disease. The impres- 
sion gained was that a single focus may ulcerate after calcification and 
present the paradoxical roentgenographic image of a focus that had the 
appearance of healing, yet was in reality an open lesion communicating 
with a bronchus. A small primary focus could ulcerate to set up dis- 
ease. Sweanv averred that if only I lesion out of a 100 should ulcerate 
in this manner much of the adult type of pulmonary tuberculosis could 
be explained. In his experience when these lesions do ulcerate, most 
of them open up early and remain open for a few weeks to many years 
before causing clinically significant disease. It was conceivable, he 
thought, that some lesions might not ulcerate until years after calcifica- 
tion. At other times the infiltration might become resolved into calci- 
fied foci numbering into the hundreds and involving an area ranging 
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than was realized before Roentgen rays were available. They also 
learned that non-tubereulous pneumonic consolidations can persist 
long after the subsidence of acute symptoms. 

Included in the list of pulmonary diseases which simulated tubercu- 
losis sufficiently to have resulted in diagnostic errors were broncho- 
pneumonia, pulmonary abscess, bronchiectasis, pulmonary cystic dis- 
ease, primary cancer of the lungs, metastatic cancer, silicosis, pulmo- 
nary moniliasis, actinomycosis, blastomycosis and syphilis of the lung. 
Cardiac disease and chronic valvular heart diseases, they found, pro- 
duce infiltrates or pulmonary fibrosis which simulate closely those 
characteristic of some types of pulmonary tuberculosis. The significant 
roentgenographic image in each case that had suggested the erroneous 
diagnosis was described and discussed from the standpoint of differential 
diagnosis. The information gained by this dual effort of a roentgenolo- 
gist and a pathologist, as it was expressed by them, might well be 
accepted by all interested in the subject of pulmonary tuberculosis as 
a creed: “Our mistakes, appreciated and corrected, teach us more 
than our successes, and each difficult case, finally solved, leads to a 
better understanding of other diagnostic problems. The more we can 
share our experiences, the better will be our mutual understanding, the 
more tolerant we become of the mistakes of others, and the more 
efficient we become as individuals." 

Sweany 8 in a presentation of his work on the primary tubercle 
declared that the best means of obtaining information with regard to 
the progressive ageing of primary tubercles that would be useful for 
the living seems to rest in the field of roentgenology. He felt that to 
know better the significance of roentgenologic shadows and to facili- 
tate an understanding of them, it is expedient first to interpret them in 
terms of pathology through the medium of the postmortem roentgeno- 
gram and postmortem examination. This knowledge, he asserted, 
could then be used in order to understand better the shadows cast on 
antemortem roentgenograms and to translate the findings into terms 
of morbid anatomy, the foundation of all medicine. With the aid of 
38 excellent roentgenograms, this author comprehensively covered the 
various manifestations of pulmonary tuberculosis in childhood. The 
types of lesion were arranged as much as possible with respect to their 
evolution, as revealed on roentgenograms, controlled by previous 
pathologic observations. 

The lesions in Sweany’s first group included small foci communicat- 
ing with the bronchi, which were frequently not visible on the roent- 
genogram until the disease was well advanced, and also those in which 
massive involvement had occurred which presented the roentgeno- 
graphic picture of ulcerative phthisis throughout. The second group 
consisted of an ephemeral type of lesion that usually left no calcified 
tissue at all, at least none that could be observed on the antemortem 
roentgenogram. In some of these cases only the lymph nodes were 
involved; in a few small calcified foci were exhibited for 10 or more years. 
This type, in Sweany’s opinion, probably accounted for a large percen- 
tage of “tuberculin-positive, roentgen-ray-negative” cases, especially 
alter deduction of about 15% for cases of extrapulmonary infection. 
Lesions of the third group were the most common; the lesions of this 
group left only one calcified focus in the parenchyma. Sweany quoted 
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considered tuberculosis to be the causative factor a considerable accentu- 
ation of the shadow of the hilar lymph nodes bilaterally. 

Mayoral, 3 in a discussion of this type of lesion, was convinced by 
Sayers and Meriwether’s evidence that "these lesions were of mycotic 
origin; they stated that Aspergillus nigcr was the etiologic factor. 
Mayoral credited Virchow with calling attention to similar calcium 
deposits in the lung as early as 1S55. Virchow had noted these in the 
lungs of patients suffering from extreme caries or some other destructive 
condition of bone and named these deposits “calcium metastases.” 
"Mayoral felt that the clinical conception of miliary tuberculosis as a 
rapidly fatal disease was not sustainable in the face of roentgenographic 
evidence of miliary “seeding” in cases in which the patients had appar- 
ently outlived an infection of miliary type. In addition, other patients 
were encountered who, from all appearances, were in perfect health 
and yet the roentgenograms revealed shotlike intrapulmonary areas of 
calcification not unlike those of the miliary type of tuberculosis in 
distribution. Mayoral mentioned personal observations of mine con- 
cerning this lesion reported in 1925. "When the individual calcified 
areas are thoroughly discrete, I am inclined to the belief that these are 
phleboliths or have some other etiologic factor than tuberculosis. 
Calcifications resulting from tuberculosis are, in my experience, invari- 
ably irregular or ragged in their outline. They appear in the roent- 
genograms as small areas of ossification in tissues that have undergone 
changes akin to those produced by ulceration from other causes. 
Mayoral stated that no satisfactory criterion has been offered for dif- 
ferential diagnosis. Experience has been that lesions of this type are 
generally clinically insignificant and, because of this, have rarely become 
the subject of postmortem examination. 

In his study of tuberculous lesions confined to the lymph nodes, 
Sweany concluded that the capsule of the lymph node offered a barrier 
that was comparable to the pleural layer around the parenchyma of the 
lungs. He averred that there is a constant diffusion of toxins through 
the capsule into the surrounding tissues. He considered this phenome- 
non responsible for many pathologic changes in the perivascular tissues 
around the bronchi which produce many clinical effects. This fact, in 
his opinion, was not sufficiently well appreciated by those interested 
largely in tuberculosis. The lymph nodes of children, he found, were 
more prone to be involved than those of adults. The lesions occurred 
in a single focus or several foci. Caseation sometimes involved the 
whole node, which underwent hyperplasia. The majority of these 
lesions did not result in changes which made them demonstrable on the 
antemortem roentgenogram. In some cases varying degrees of thick- 
ening of the hilar shadow were apparent in the roentgenogram. lie 
found that lesions of the lymph nodes showed resorption, especially 
those in which simple inflammation or early calcification occurred, but 
those in which definite calcification was present seemed to resist resorp- 
tion to a greater degree than lesions in the parenchyma of the lungs, 
•fust as was observed in the parenchymal lesions, the majority of lesions 
of the lymph node healed. Certain ones remained open, however, to 
overflow and cause a spread of the disease by blood, by lymph or by 
bronchial routes. By this spread the lesion within the lymph node, 
in some cases, assumed an almost malignant character. He noted 
excavation of the lymph nodes, into the bronchus most commonly but 
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in extent from a part of a lobe to a whole lung. Such lesions frequently 
presented the “shrapnel-like” roentgenographic image heretofore men- 
tioned. Many of these lesions healed completely, but occasionally 
dormant foci became active years afterward and caused cavity for- 
mation. 

When the defensive action of the lung was impaired, as in silicosis, 
and on rare occasions in uncomplicated tuberculosis, this overflowing 
progressive or flowing type of lesion and its characteristic roentgeno- 
graphic image might be encountered. Sometimes only one or two such 
lesions appeared to progress, while the others healed. Sweany con- 
sidered that an important factor might be focal accumulations of bacilli. 
While some lesions spread rapidly, others seemed to progress slowly; 
some spread in the parenchyma while others progressed in the lymph 
nodes; some were observed to spread at different rates of speed in 
different parts of the same lung. The evidence seemed to be sufficient, 
in his opinion, to warrant caution in the use of the term “ healed Ghon 
focus” to describe any of these lesions. 

The clinical significance of the primary tubercle was summed up by 
Sweany as follows: The majority of lesions do not spread at all; that is, 
they heal. A relatively small number progresses, but because so many 
of these come to the attention of physicians, they seem to be relatively 
more numerous than they actually are. A common type is the one in 
which several foci progress simultaneously, as in silicosis and in non- 
immune races of people. Occasionally only one tubercle of the primary 
complex progresses and becomes obliterated; the remainder of the 
tubercles are left as healed “ Ghon foci” and there is no evidence of the 
cause of spread of the disease. The reason for these progressive lesions 
is still one of the unsolved problems of tuberculosis. Such tubercles 
might appear to be recent fibrocaseous formations, yet they may have 
been enlarging over a period of years; it was possible to observe this 
in a study of serial roentgenograms. The capsule was apparently 
inadequate to hold the organisms within the center of the focus. The 
reason for the breakdown of the defense mechanism varied; this might 
be due to partial exhaustion of the defense mechanism which allowed 
continual escape of the organisms through the thin-walled capsule. 
It might be due to an increase in virulence of a particular colony of 
bacilli. A factor in the creation of the roentgenographic image of some 
of the lesions might be the spread of toxins causing a stimulation of new 
fibrous tissue outside the capsule; as the spread continues into neigh- 
boring alveoli and bronchioles, these structures become obliterated and 
enmeshed in fibrosis. A few organisms might follow down the bronchi- 
oles or lymph tracts; some might get into the capillaries and travel to 
other parts of the lung or of the body. Because of the comparatively 
small number of these organisms, most of them are destroyed. Not 
until the tubercle encroaches on a larger bronchus or blood-vessel is 
there real danger of sufficient spread to cause clinically significant 
disease. 

Sweany placed in a sixth group lesions which he considered were 
concerned with the hematogenous spread of bacilli through the lym- 
phatics or blood stream after primary infection. The roentgenographic 
picture in this group was that of miliary calcification widely distributed 
throughout both pulmonary fields. He noted in cases in which he 



77S 


PROGRESS OF MEDICAL SCIENCE 


of making spot roentgenograms to afford a permanent, and at the same 
time, a more explicit record of the image seen on the fluoroscopic screen. 
In a series of 37 illustrations made from spot roentgenograms he clearly 
demonstrated small infiltrates that were easily capable of being obscured 
and missed in the roentgenogram. Stiehm expressed the opinion that the 
skepticism existing regarding the efficacy of roentgenoscopy in the visual- 
ization of small parenchymal lesions was unwarranted. Roentgenoscopic 
examination, made by a trained and experienced observer, he considered, 
was more efficient in finding minimal lesions, particularly those involv- 
ing the parenchyma, than roentgenographic examination, with the use 
of a single roentgenogram or roentgenograms made in stereoscopic sets. 

In S7 % of the cases, pulmonary tuberculosis is not discovered until 
it has passed beyond the minimal stage. Such statements as this, 
published by Badger and Ritvo 1 in the discussion of the value of the 
tuberculin test and the roentgenogram in eliciting evidence of early 
tuberculous lesions, have greatly stimulated thought and effort in the 
search for methods of making the diagnosis of pulmonary tuberculosis 
in the earliest possible stage. They compared the data from a survey 
commenced in 1932, for which all nurses admitted to training were 
given a tuberculin test, roentgenographic examination of the thorax 
and a complete physical examination with the data of Heimbeck, who 
thought that a positive reaction to tuberculin before admission was indi- 
cative of conferred immunity. Badger and Ritvo felt that no sweeping 
conclusions were justified concerning the vulnerability of those who had 
initially negative reactions to tuberculin as compared with those who 
initially had positive reactions. The tuberculin test, they averred, 
should be used as a means of detecting the presence of tuberculous 
infection. A negative result from a tuberculin test on strong healthy 
young persons indicated the absence of tuberculous infection. But 
the result of the tuberculin test could not be considered negative unless 
the individual had failed to respond to 1 mg. of old tuberculin or its 
equivalent. A positive tuberculin reaction proved the presence of 
infection somewhere in the body; it did not afford any information 
concerning the anatomic site or extent of the lesion or of its degree of 
activity or non-activity in any given case. An initially negative reac- 
tion that later becomes positive indicated the appearance of a so-called 
primary or first infection form of tuberculosis. In the experience of 
these authors, all of those nurses who had negative reactions to tuber- 
culin at the beginning of training later had positive reactions, but a 
tuberculous infection with changes that made the lesion roentgeno- 
graphically demonstrable developed in only a few instances. It was 
concluded that the primary infection of some adults may be as benign 
a process as that of children usually is. The usual benign primary 
infection developed in a region or state not demonstrable by Roentgen 
examination in the majority of both groups studied by Badger and 
Ritvo. A few patients presented roentgenographic evidence of lesions 
without clinical manifestations of disease. Others progressed to clini- 
cally active tuberculosis. The small roentgenographieally demonstrable 
lesion might be the single positive finding when an exhaustive study 
of the individual case was completed. Repeated roentgenographic 
studies, weekly and later monthly, were necessary under these circum- 
stances to determine, if possible, whether the lesion was an old healed 
scar, a latent process which might break down at some future time, an 
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occasionally into the mediastinum, the esophagus or the trachea in 
one particular group of cases. In another group he regarded the changes 
demonstrable in the roentgenogram attributable to swelling of lymph 
nodes and also to the perifocal toxic effect of the tubercle bacilli. 
Stagnation of blood and lymph occurred which resulted in effusions in 
the tissues or in the pleural cavity; this, he thought, was suggestive of 
an interference with normal function. Evidence of catarrhal bronchitis 
was noted; an increased flow of mucus resulted which together with the 
external pressure of the lymph nodes, lead to atelectasis. Late effects, 
attributable to contraction of fibrous tissue and leading to constriction, 
could, Sweany thought, have a part in the creation of the characteristic 
roentgenographic image. 

Sweany offered a most significant explanation for the more or less 
widespread ignorance of the roentgenographic images of the primary 
tubercle, and the fundamental importance of a knowledge of these to 
a clear understanding of pulmonary tuberculosis. He stated that prac- 
tically all significant lesions are apparent in roentgenograms when they 
are in the infiltrative stage, but relatively few roentgenograms are made 
of primary lesions in this stage, because in the majority of cases the infil- 
trates occur without producing symptoms. These infiltrative lesions 
are demonstrable roentgenographieally for only 6 months to a year, 
after which they shrink into “ Ghon foci,” frequently become non- 
demonstrable or gradually disintegrate and disappear. He considered 
the statement, that much less than a third of significant primary 
tuberculous lesions were demonstrable on routine roentgenograms taken 
in the anteroposterior position, to be conservative. Improvement in 
roentgenographic technique, especially by varying the quantity of 
Roentgen rays and taking more serial roentgenograms, he thought, 
would greatly enlarge the scope of observation. 

The work of Fellows and Ordway, Reid and Hetherington, and 
Flahiff demonstrated that roentgenoscopie examination of the thorax 
was far superior to physical examination in finding tuberculous lesions. 
Reviewing the reports of these observers, Stiehm 7 quoted Fellows and 
Ordway as having found that 87 % of the lesions discovered by roent- 
genographic examination were visible in roentgenoscopie examination. 
In the experience of Stiehm, neither method revealed all the existing 
lesions or abnormalities. In the course of 5 years, during which he 
employed roentgenoscopie examination as a daily routine and compared 
the results with those attained from single roentgenograms or roent- 
genograms made in stereoscopic sets, he became convinced that certain 
lesions involving the lungs, particularly those in the extreme apexes 
and supraclavicular areas, did not show at all or at least not to the same 
advantage in the roentgenogram as they did on roentgenoscopie observa- 
tion. To compare the results of roentgenoscopy with those of roent- 
genography better, Stiehm used both methods to examine 423 consecu- 
tive patients. A single roentgenogram was made in the postero- 
anterior position and the results of the dual examinations were charted. 
The charting revealed negative roentgenographic and roentgenoscopie 
reports in 293 cases. Comparison showed no error made by either 
method. On roentgenographic examination, 3S5 (91 %) of existing 
lesions were detected and 38 (9%) were missed. In roentgenoscopie 
examination, 405 (96%) of existing lesions were reported and 18 (4 %) 
were missed. Convinced by these experiences, Stiehm devised a method 
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The most practical application of all the principles involved in this 
survey method of eliminating tuberculosis was reported by Sheldon. 6 
Every applicant accepted for enlistment in the United States Navy 
was sent to a naval training station and kept in detention there for a 
period of 3 weeks, in order to permit the development of any common 
communicable disease resulting from any exposure. In that interim it 
was possible to make an examination of the thorax v'ith the aid of 
Roentgen rays. Photography of the image on the fluorescent screen 
(fluorography) on 35 mm. film in rolls was employed. All persons 
found by this method to have positive or suspicious evidence of incapaci- 
tating disease w r ere sent to naval hospitals for observation and further 
study. A hen a diagnosis of pulmonary tuberculosis was established 
and confirmed, the afflicted persons were discharged from the service 
because of disease that existed prior to enlistment. By this procedure 
claims on the Government for pensions w r ere eliminated. When these 
patients were discharged, local or state authorities concerned were 
notified of this action, in the hope that steps would be taken to place 
the discharged persons under adequate treatment and thus the interests 
of the individual and, at the same time, those of the community would 
be protected. These authorities were requested to report the condition 
of the patient to the naval medical officers at the end of 6 months. 
By this arrangement, the diagnosis was again confirmed and an oppor- 
tunity w r us afforded to check for possible errors in diagnosis. 

The appearance of this interesting series of publications in journals of 
recent date proves that the members of the medical profession are alert 
to the needs of the national preparedness program and are prepaied 
to meet the problems involved with methods that are efficient, practical, 
and at the same time helpful in conserving the resources of the nation. 
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early destructive lesion, or a benign and innocent process which would 
heal spontaneously. Constitutional resistance, in their experience, was 
a feature of the disease which could not be predicted, but it was most 
important in prognosis and in the development of immunity in cases of 
infection by the tubercle bacillus. 

In an anatomic roentgenographic study of the pleural domes and the 
pulmonary apexes, Jamison 4 found that subpleural apical scars were of 
non-tuberculous origin in many, if not the majority of such lesions. 
He found that the incidence of these lesions increased in frequency 
with advancing age. He demonstrated that normal structures could 
cast shadows on the roentgenogram that could easily be erroneously 
interpreted as those of definite lesions. 

In a discussion of the relation of public health to the preparedness 
program, Wirth 9 quoted remarks of Parran concerning the problems 
associated with the coordination of research and the development of 
practical methods of prevention of certain communicable and infectious 
diseases which are major hazards to successful defense. Among the 
problems was the handling of cases of tuberculosis discovered by the 
medical consultants associated with the draft boards. Wirth stressed 
the grave responsibility which rested on the roentgenologist of each 
community in the service of the local draft board in the detection and 
weeding out of persons suffering from tuberculous infection. He pointed 
out the fallacy of allowing the victims to be sent back to work in 
industry and to spread pulmonary tuberculosis among their families 
and their associates. He deprecated the fact that only 15% of the 
industrial workers in the United States were employed in industries 
which provided organized facilities for the maintenance and promotion 
of the health and hygiene of employees. He inferred at least that it 
was inimical to the interests of the remaining 85% that they had to 
rely on general practitioners to protect their health and to care for their 
injuries. He felt the solution of the problem involved territorial, local 
and state health officials, as well as individual physicians, medical 
organizations, philanthropic organizations, industrial and labor organi- 
zations, and even private individuals. The fear of many, he stated, was 
that the greater the emergency, the greater would become the centraliza- 
tion. The extent to which this would occur, in his opinion, would be 
determined by .the degree of concern of each person with our present 
way of life and the diligence and spirit of public service with which each 
person performed each task as it arose. 

The report 3 of a committee to the Board of Chancellors of the Ameri- 
can College of Radiology revealed that attention of the roentgenologists 
has already been focused on this problem. The committee found that 
surveys on tuberculosis have been widely used by local and state 
boards of health, by local and state tuberculosis associations, under the 
auspices of boards of education, industrial insurance carriers, large- 
scale employers and other official and quasi-official bodies. The chief 
function of any survey, the committee felt, should be the elimination 
of the healthy from consideration so that those who need roentgeno- 
graphic examination of the thorax may be identified. The value of a 
survey depends on two factors: 1, the technical quality of the roent- 
genographic image attained by any method: and 2, the training and 
experience of the person or persons interpreting the characteristics of 
this roentgenographic image. 
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The following hematologic examinations were made as soon as possible 
after the removal of the blood: 

Red blood cells were counted in the usual manner with Tlioma micro- 
pipette and Neubauer counting chamber. Hemoglobin was determined by 
the oxyhemoglobin method in a Klett-Summerson photoelectric colorimeter 
using 0.025 cc. of whole blood in 5 cc. of distilled water. The reading was 
made following centrifugalization of the mixture for 30 minutes in order to 
settle the gross parts of stroma. 

Packed red cell Values were obtained using the Wintrobe hematocrit 
tube, centrifugated at 3000 rotations per minute for 30 minutes. 

Reticulocyte counts and counts of red blood cells with Heinz corpuscles 
were made as described below. Brilliant cresyl blue (0.2 gm.) was pulver- 
ized in a mortar and dissolved in 100 cc. of 0.6% sodium chloride solution. 
This gives a final solution of practically the same tonicity as blood plasma, 
a point of paramount importance in this method. This solution must be 
filtered twice and kept in very well closed bottle to avoid evaporation and 
consequent changes in tonicity. One drop of this solution is mixed with 
1 drop of blood and observed as a wet preparation between slide and cover- 
slip. Sealing with vaseline is not necessary as the counts must be made 
within 10 to 15 minutes, during which time the amount of evaporation is 
negligible. The red blood cells should be allowed to settle fo the bottom 
of the preparation before making the examination. Care must be taken 
not to prepare thick preparations, since erythrocytes must be isolated to 
permit careful examination. This can be achieved with practice by using 
proper amounts of cresyl blue solution and blood when preparing the slide. 

The reticulum of reticulocytes appears deeply stained blue against the 
green color of the protoplasm. Usually, one also observes metachromatic 
granules stained light red. Heinz corpuscles do not take the stain and 
appear as highly retractile crystal-like bodies green in color but of greater 
intensity than that observed in the erythrocyte protoplasm. Heinz granules 
show very marked Brownian movement when small and appear in any 
part of the red cell but are usually in the periphery, frequently they pro- 
trude from the side of the cell. When large doses of pyrodin are employed 
to produce anemia, several granules may be seen in the same cell, but with 
medium or small doses only one granule is seen. These granules are very 
small after the first injection but grow progressively larger until they 
attain almost one-fifth of the red blood cell mean corpuscular volume. 
The granules have a tendency to leave the cell and if the examination is 
not made as soon as the cells have been sedimented, many granules may 
be found free in the plasma. 

To demonstrate more clearly that the reticulocytes are not attacked 
by pyrodin a simple blood examination without any staining may be done. 
Heinz corpuscles appear as described before and the reticulocytes appear 
as normal untagged erythrocytes, sometimes with a very hyaline granule 
(metachromatic granule when stained by brilliant cresyl blue) like a white 
spot within the greenish protoplasm. 

Resistance to hypotonic salt solution was determined by mixing 0.025 cc. 
of blood with 5 cc. of 0.5% solution sodium chloride in distilled water. 
After standing 3 to 5 minutes the non-hemolyzed red blood cells were 
centrifugalized and the amount of hemoglobin in the supernatant fluid 
determined in the Klett-Summerson photoelectric colorimeter. The result 
was compared with the hemoglobin reading of a tube containing 0.025 cc. 
of whole blood hemolyzed in 5 cc. of distilled water, hemolysis representing 
100%. Because the variation in resistance was very great in these experi- 
ments, this method was used in preference to the usual complete hemolysis 
curves determination. 

Estimation of opacity of blood in distilled water was used as a measure 
of the total volume of Heinz corpuscles formed following pyrodin intoxica- 
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This paper deals with preliminary studies of erythrocyte regenera- 
tion in acetylphenylhydrazine anemia— a condition in which many 
products of red blood cell disintegration remain within the body 
economy. Detailed hematologic observations of red blood cells 
made at short intervals of time and pathologic examination of tis- 
sues selected at critical points have proved useful in improving the 
understanding of physiologic agencies active in the destruction of 
damaged erythrocytes and in the reconstruction of new red blood 
cells. The observations described may to some extent be helpful 
in understanding types of anemia in which the organism does not 
need exogenous material to rebuild the destroyed erythrocytes. 

Methods. Different types of dogs have been used in these experiments. 
Normal dogs (Nos. 39-1, 39-57 and 40-213); splenectomized dogs (Nos. 
39-194, 40-115 and 40-152) ; dogs with a gall-bladder renal fistula (Nos. 37- 
137 and 40-248); dogs made anemic by bleeding, and therefore with de- 
pleted iron reserves (Nos. 39-26 and 39-299) ; as well as a dog with a Pavlov 
pouch (No. 39-317). Normal rabbits (Nos. 3 and 4) were also observed. 

In ali of these 13 animals acetylphenylhydrazine (pyrodin*) was used 
for red blood cell breakdown. The injections were made subcutaneously 
beneath the skin of the abdomen. Pyrodin was dissolved in 10 to 20 cc. 
of hot saline just prior to the administration. 

Hematologic methods used required only small amounts of blood. Gen- 
erally 1 or 2 ec., rarely 5 cc., were taken from the jugular vein for each 
sample. A dried mixture of potassium and ammonium oxalate (3 gm. 
ammonium oxalate and 2 gm. potassium oxalate in 100 cc. distilled water) 
was used as anticoagulant, 0.04 cc. of the solution for each cubic centimeter 
of blood. 


* Eastman Kodak Company. 
VOL. 202, NO. G. — DECEMBER, 1941 
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tion. Since these corpuscles do not dissolve, a turbidity developed when 
the blood from poisoned animals was diluted in water. After 30 minutes of 
centrifugalization all the corpuscles had settled to the bottom of the tube, 
leaving a clear supernatant fluid containing hemoglobin. If the extinction 
of light before and after centrifugalization is determined in the photoelectric 
colorimeter (really nephelometry in this case), the difference represents 
the amount of light absorbed by the Heinz corpuscles, the stroma absorp- 
tion being negligible. 

Experimental Observations. 1. Formation of Heinz Corpuscles in 
the Erythrocytes. In all of 20 breakdown episodes in 13 animals, 
20 to 24 hours after pyrodin injections (14 mg. per kilo body weight 
in rabbits and 19 mg. per kilo in dogs) the presence of Heinz cor- 
puscles was observed in all adult red blood cells in the circulation. 
Furthermore, the young red blood cells (reticulocytes) never demon- 
strated such, a structure, even with repeated injections totalling 
large amounts of the drug (144 mg. per kilo). In one instance 
(Dog 39-317) when pyrodin (0.9 gm.) was injected at a very low 
anemia level, the presence of Heinz corpuscles was observed within 
reticulocytes containing very little amount of reticular substance, 
■i. e., in reticulocytes almost reaching the stage of young adult 
erythrocytes. However, even in this particular instance, the tag- 
ging of a young reticulocyte containing ample reticular substance 
with a Heinz corpuscle was never observed. 

We have seen the formation of Heinz corpuscles in vitro with the 
technique described by Bratley and associates. 6 The appearance 
of minute corpuscles, 5 or more in each erythrocyte, is easily seen 
after 10 to 20 minutes. In vivo , however, with small and medium 
doses, a single corpuscle is observed in each red blood cell; this 
corpuscle increases in size with the severity of intoxication. With 
massive doses we have observed, as in vitro , the formation of 5 or 
more corpuscles in each red cell. In fixed and stained smears the 
Heinz corpuscle is invisible when small, but if large enough, it may 
be seen as a mass staining red (1 to 2 micra in diameter), contain- 
ing a very minute basophilic dot in the center. This is better 
shown when the blood is treated with distilled water, staining free 
corpuscles. Within the red cells the acidophilic structure of the 
Heinz body fuses with the red color of hemoglobin and then only 
its central basophilic granule (0.5 to 1.5 micra in diameter) can be 
seen. In red cell shadows following hemolysis in distilled water, 
the Heinz body remains within the limits of the cell border. These 
bodies have a circular shape, they probably are spheres because 
when a red cell is seen in profile the corpuscle is still circular in 
shape. As we have pointed out before, the size of the corpuscles 
increases with the severity of intoxication, therefore the measure- 
ment of their volume varies accordingly. We have tried to deter- 
mine the volume of large Heinz bodies by observing the total vol- 
ume of packed Heinz bodies from a known amount of hemolyzed 
blood. Their volume is roughly one-fifth that of the normal red 
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and is more rapid with small doses (daily output of 0.472 R.B.C. 
million per c.mm.) than with large (daily output of 0.290 R.B.C. 
million per c.mm.). The first period of regeneration is characterized 
by a steady increase in the number of the red blood cells. In the 
following period the rate of production is slowed down and continues 
until a normal level is reached. The end of the first period is at- 
tained in dogs in 10 to 11 days with small doses, in 16 days with large. 

In rabbits, the disappearance of the erythrocytes containing Heinz 
bodies is much more rapid (8 to 9 days), the lowest anemia level is 
even lower than that in dogs, and is observed earlier (6 days after 



the first injection). Regeneration begins sooner (2 days after the 
first injection) but is almost at the same rate as that observed in 
the second group of dogs. 

Chart 1 presents the disappearance of the red blood cells with the 
Heinz bodies from the blood stream of S dogs. Numerical decrease 
of these cells in the circulation is proportional to the time elapsed, 
as shown by the straight line. Chart 2 illustrates the appearance 
of newly formed cells in the blood stream of S dogs. It shows that 
regeneration (to subnormal levels values of 4 to 5 million R.B.C. 
per c.mm.) is proportional to time. To illustrate the picture during 
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cell. After hemolysis and centrif legalization, the Heinz corpuscle 
appears as a lightly colored mass, strongly bound together in the 
bottom of the tube. After long centrifugalization it is very difficult 
to get them again in suspension, so firmly are they coherent. 

2. Measure of Destruction and New Formation of Red Blood Cells. 
Findings observed during destruction and regeneration of red blood 
cells are summarized in Table 1. Varying total amounts of pyrodin 
were employed in dogs for each breakdown episode ranging from 
27 to 187 mg. per kilo body weight. As concerns the results, the 



Chart 1.— The disappearance from the blood stream of erythrocytes containing 

Heinz corpuscles. 


doses can be regarded as: small (27 to 40 mg.) and large (above 
40 mg.). In small doses the rate of daily average disappearance is 
0.416 million R.B.C. per e.mm., taking 12 to 18 days for complete 
disappearance. In large doses the rate of daily average disappear- 
ance is 0.490 million R.B.C. per c.mm., taking 9 to 14 days for 
complete disappearance. 

The lowest anemia level in the first group (small doses) was twice 
as low as that in the second group (large doses). In both groups, 
it was attained 7 to 10 days after the first injection of pyrodin. 

Regeneration starts 3 to 4 days after the beginning of intoxication 
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degree of red blood cells intoxication during the breakdown period, 
as measured by the total volume of Heinz corpuscles in circulation. 
It represents the results of 15 breakdown episodes in 10 dogs. As 
in Chart 3, illustrating fragile, the result shows a maximum intoxi- 
cation on the fifth day after the first injection and complete disap- 
pearance of the corpuscles on the eleventh day. The first half of 
the curve shows a progressive increase in the volume of corpuscles 
as indicated by the increase in the opacity of the fluid when blood 
was mixed with distilled water. From the fifth day on opacity 
progressively decreased coinciding with the disappearance of the red 
blood cells with the Heinz bodies from the blood stream. 



Chart 3. — Behavior of poisoned erythrocytes toward 0.5% saline solution. 


5. Higher Peal:. x of Reticulocytoxis Observed During Regeneration. 
Table 3 shows the peak concentration of reticulocytes in the regen- 
erative periods. The number of reticulocytes in the peripheral blood 
seems to be proportional to the total amount of pvrodin given, or 
perhaps to the time in which this total amount has been adminis- 
tered. 

Dog 40-115 could not be followed after the figures presented in 
Table 3 were reached. We believe, however, that the figure shown 
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the destructive phase and the subsequent regenerative phase, com- 
plete figures in 1 dog (No. 40-213) are presented in Table 2. 

Table 2.— Detailed Hematologic Observations During Destructive and 
Regenerative Phases of Pyrodin Anemia in a Typical Experiment. 

(Dog 40-213.) 
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* Acetylphenylhydrazine injections (300 mg.). 


3. Measure of Resistance of Poisoned Red Cells Toward a Hypo- 
tonic Salt Solution. In Chart 3 the percentage of hemolysis observed 
in hypotonic (0.5%) saline solution during 14 breakdown episodes 
in 10 dogs is plotted against time. The results indicate that 1 1 days 
after tlie first injection, the behavior of circulating erythrocytes 
toward this hypotonic solution has again become normal. The 
fragility of the cells containing Heinz bodies increases with succes- 
sive pyrodin injections, in some dogs reaching 95% hemolysis on 
the fifth day. As the new formed cells start to enter the circulation 
on the third or fourth days after the beginning of the injections, a 
mingling with the damaged cells occurs, resulting in a progressive 
return of fragility towards normal from the sixth day on. Since all 
poisoned red cells (very fragile to hypotonic solution) have com- 
pletely disappeared from circulation on the eleventh day, the fragility 
test is again normal at this time. 

4. Quantitative Measure of the Amount of Heinz Corpuscles in 
Circulation Indicative of Severity of Intoxication. Chart 4 shows the 
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the adult ery throe}’ te. The results preseuted are an average of the 
observations made on 7 non-anemic dogs (Nos. 40-213, 37-137, 
40-115, 39-194, 40-248, 39-319 and 39-57) and on 2 anemic dogs 
with depleted iron reserves (Nos. 39-299 and 39-26). 



Ch.uit 5 . — Mean corpuscular volume changes during blood regeneration following 

pyrodin anemia. 


Having determined the following data: («) mean corpuscular 
volume of red blood cells with Heinz corpuscles; ( b ) the mean cor- 
puscular volume of the mixture of reticulocytes and red blood cells 
with Heinz corpuscles; and (c) the ratio between these two groups 
of cells, we can then calculate the volume of reticulocytes by the 
following formula: 

v = V..1QQ - (Vr- P) 

Pi 

where: 

V = Mean corpuscular volume of reticulocytes. 

Vi = Mean corpuscular volume of all red blood cells. 

V; = Mean corpuscular volume of red blood cells with Heinz corpuscles. 

P = Percentage of red blood cells with Heinz corpuscles. 

Pi = Percentage of reticulocytes. 
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does not represent the maximum reticulocytosis obtainable in this 


case. 


Table 3.— Highest Reticulocytosis Observed After Pyrodin 


Administration. 

Amount of 


Dog 

No. 

Peak of reticulocytosis. 

Mill, per 
%. c.mm. 

Lowest 
anemia level, 
mill, per 
c.mm. 

Number of 
pyrodin 
injections. 

pyrodin 
per kilo of 
body weight 
(mg.). 

37-137 (II) . 

. 46 

0.490 

3.2 

2 

39 

40-248 . . 

. 12 

0.600 

3.4 

2 

38 

37-137 (I) . 

. 26 

0.730 

1.5 

3 

42 

39-299 (I) . 

. 32 

0.730 

1.6 

4 

67 

39-299 (II) . 

. 35 

0.840 

1.3 

4 

67 

40-213 . . 

. 77 

1.000 

1.4 

6 

144 

39-194 . . 

. 79 

1.400 

1.7 

0 

105 

40-115 (I) . 

. 75 

1.100 

1.5 

8 

141 

Rabbit No. 






4 . . . . 

. 88 

0.970 

1.1 

5 

80 

3 ... . 

. 87 

1.300 

1.0 

6 

84 



Chart 4. — Measure of turbidity developed by poisoned blood when treated with 
distilled water. Opacity was measured by light extinction according to the extinction 
scale of the Klett Summerson photoelectric colorimeter. 


6. Measure of Reticulocyte Mean Corpuscular Volume in Dogs With 
Normal Iron Reserves and in Dogs W ith Depleted Iron Stores. Chart 5 
shows changes in volume of reticulocytes in their development to 
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In Chart 5 we can see the rapid change in the mean volume of 
reticulocytes in the first 3 days of circulation, during which time it 
decreases from 176 cubic micra to 104 cubic micra. From this 
point on a difference was observed between anemic and non-anemic 
dogs. In non-anemic dogs with normal iron reserves the volume of 
these new formed cells (at this point non-reticulated young erythro- 
cytes) decreases slowly until it reaches normal levels (74 to 78 cubic 
micra). This occurs between 30 to 40 days after the beginning of 
regeneration, and does not change appreciably from this level. In 
anemic dogs, however, with iron reserves depleted by bleeding and 
kept at low hemoglobin levels for a long period of time before the 
pyrodin was given, the mean corpuscular volume reached a normal 
level much earlier (10 to 20 days) and continues to decrease until a 
microcytic level was reached (58 to 63 cubic micra) identical to that 
level observed before the drug was given. 

7. Observations on the Maturation of Reticndocytes in the Blood 
Stream. During the period in which daily injections of pyrodin 
were given, all red blood cells appeared as reticulocytes or as erythro- 
cytes containing Heinz corpuscles. Two to 3 days after the last 
injection another type of erythrocyte was observed in the circulation : 
a large cell of about the same size as the reticulocyte, undamaged 
(homogeneous plasma without any granule or vacuole). Some of 
these cells contained a very small amount of reticular substance 
while others appeared as complete adult erythrocytes, with no reticu- 
lum whatever. This new kind of cell seems to result from the 
reticulocyte evolution, as indicated by the presence of all types of 
intermediate stages. 

For differentiation purposes we called these cells “new formed 
adult erythrocytes.” At this phase, then, three different kinds of 
red blood cells were observed: reticulocytes, new formed adult 
erythrocytes and damaged erythrocytes (red blood cells containing 
Heinz corpuscles). Table 4 represents quantitative determinations 
of these three kinds of red blood cells during 7 breakdown episodes 
in 5 dogs. 

8. Pathologic Examinations. Sections of some organs have been 
made in dogs in which death occurred during the red blood cell 
breakdown period. The anemia was very pronounced in these dogs, 
1 day before their deaths; red blood cells ranging from 1.5 to 2 million 
per c.mm.; hemoglobin from 3 to 3.5 gm. per 100 cc. of blood. In 
the non-splenectomized dogs (Nos. 40-213, 39-317 and 39-1) we 
have found large amounts of iron pigment, as well as some intact 
red blood cells, within the reticulo-endothelial cells of the spleen, 
liver and bone marrow. The greatest amounts were found in the 
spleen. In the sections treated with potassium ferricyanide, de- 
posits of intense blue color could be found with intact red blood cells 
within the same phagocytic cell. This picture was not found very 
frequently but could be seen without much difficulty. In 1 splen- 
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damaged by the drug In the treatment of polycythemia vera, as 
occurs in the experimental anemias related in this paper. 

In our experiments the destruction of erythrocytes containing 
Heinz corpuscles was complete within 9 to 18 days after the first 
injection. This interval appears to be proportional to the amount 
of pyrodin administered. It is worth mentioning that the con- 
stancy of the rate of destruction is always proportional to the time 
elapsed after the beginning of intoxication. . We were unable to 
find in the literature figures relating to the destruction of erythro- 
cytes containing Heinz corpuscles. Duesburg, 13 injecting 77 mg. of 
pyrodin per kilo into rabbits, obtained a drop in the red blood cell 
count similar to those observed by us. 

There are two different ways to observe the progress of intoxica- 
tion and consequent disappearance of the erythrocytes: (a) deter- 
mination of the total amount of Heinz corpuscles; ( b ) fragility 
towards hypotonic salt solution. The results show a correlation 
between the size of the Heinz corpuscles and the fragility toward 
0.5% salt solution. Fragility decreases as the total amount of 
Heinz bodies increases. Following the beginning of regeneration, 
a progressive number of new red cells are launched into the circula- 
tion, these show normal behavior toward hypotonic salt solution 
and do not contain Heinz corpuscles. During this stage, the blood 
is a mixture of normal and greatly damaged cells. As the damaged 
cells disappear, the total volume of Heinz corpuscles tends to dimin- 
ish and the fragility again becomes normal. This change toward nor- 
malcy of the blood occurs between 9 and 18 days following the first 
injection, as is indicated by the close relationship between three types 
of observation: 1, morphologic demonstration of Heinz bodies by 
means of direct microscopic examination; 2, determination of the 
amount of Heinz corpuscles by nephelometric method; 3, behavior 
toward hypotonic salt solution. 

The lack of any appreciable amount of free hemoglobin in the 
plasma and the progressive disappearance from the circulation of 
erythrocytes containing Heinz bodies, seems to indicate a slow, con- 
tinuous removal of these damaged cells as whole cells from the blood 
stream. Long 23 and Alcobe 1 demonstrated erythrophagoeytosis in 
this type of anemia. We have confirmed these observations and 
were impressed with the intensity of this phenomenon. In order to 
demonstrate that the enormous amount of iron pigment found in 
the reticulo-endothelial cells is the result of phagocytosis of the red 
blood cell and not of free hemoglobin, we sacrificed a rabbit 24 hours 
after the first injection of pyrodin. We expected to find a greater 
number of intact erythrocytes in the reticulo-endothelial cells. 
The expected picture was not seen, probably because the hemo- 
globin of the phagoeytized erythrocytes was rapidly converted into 
bilirubin with consequent deposition of iron as shown in experiment 
done in dogs with gall-bladder renal fistula. 10 In these dogs there 
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ectomized dog we observed (No. 39-152) a considerable increase in 
the size of ICupffer cells in the liver and reticulo-endothelial cells of 
the bone marrow. All of them contained large amounts of iron pig- 
ments and some phagocyted erythrocytes. 

Discussion. Blood Destruction. In studying the mechanism of 
the action of hydrazine derivatives upon the blood, it is of paramount 
importance not to compare results obtained with different drugs, or 
different amounts of substances, or, finally, with different methods 
of administration. For instance, Itoh, 21 with 10 to 50 mg. of phenyl- 
hydrazine hydrochloride given intravenously in dogs, obtained a 
drop from 7 million red blood cells per c.mm. to less than 1 million 
in 24 hours, with massive hemolysis in the serum. Alcobe, 1 giving 
10 mg. of phenylhydrazine hydrochloride per kilo body weight (no 
information about the method of administration), obtained massive 
hemolysis. Formation of methemoglobin is described by Dresch- 
feld 12 and some other authors. We found a similar picture in 1 dog 
(No. 39-262) into which we injected subcutaneously a massive dose 
of 2 gm. of pyrodin in one single injection. This dog died 5 days 
after the injection. 

When one employs, however, non-lethal doses of a hydrazine deriv- 
ative, quite a different picture is obtained. Massive hemolysis in the 
blood stream with the presence of free hemoglobin in the plasma is 
not demonstrable but one may see very slight traces during the 
beginning of the intoxication. We observed a marked tendency to 
spontaneous hemolysis in vitro with intoxicated red cells. To demon- 
strate hemoglobinemia properly it is important that the blood be 
centrifuged as soon as possible following removal from the body. 
Even in these cases, at times one may observe a small layer of 
hemolysis in the upper part of the packed red cells in the hematocrit 
tube. In some cases 10 to 15 minutes at room temperature is 
sufficient to produce some degree of hemolysis. 

A characteristic finding of that type of intoxication pointed out 
by Heinz 203,6 is the presence of a retractile granule in the red blood 
cells. This author observed the same phenomenon when using 
other hydrazine derivatives. Certain properties of these Heinz 
bodies have been described by Hartwick 18 and a detailed chemical 
analysis has been made by Kunkle. 22 We have confirmed the pres- 
ence in these of very minute amounts of iron. Furthermore, we 
observed the non-formation of these bodies in the reticulocytes; a 
rough determination of its volume during the most acute phase of 
intoxication as well as the determination of the total amount of 
Heinz bodies (nephelometric method) during different phases of the 
poisoning. 

In the most important papers concerning treatment of polycythe- 
mia vera with hydrazine derivatives, we were unable to find any 
reference to the presence of Heinz corpuscles. 2 ' 3,14 ' 1511,6 ' 3,16,24 ' 25,29- ' 31 
It seems important to us to know whether all the erythrocytes are 
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cytosis is obtained with anemias produced by hydrazine derivatives. 
Does this mean a more violent regeneration than other types of 
experimental hemolytic anemias, as produced for example by intra- 
venous injections of distilled water? We believe that the percentage 
of reticulocytes is much higher than in other types of anemia, be- 
cause with hydrazine anemia we have a progressive concentration of 
reticulocytes in the blood due to the fact that destruction occurs 
only in non-reticulated cells. The resistance of the reticulocytes to 
the drug makes these cells immune to damage, while on the other 
hand the adult red cells are rapidly disappearing from the blood 
stream. 

However, it is not only a high percentage of reticulocytes that 
one observes in this anemia, but also a truly great increase in their 
total number. In Table 3 it is shown that the highest absolute 
numbers are obtained with a large number of injections, while lower 
values are obtained only when a few injections have been given. 
Table 4 indicates that when 6 injections have been administered 
(Dogs 31-194 and 40-213) there resulted 1.42 and 1.0S million 
reticulocytes per c.mm. before any evolution toward adult erythro- 
cyte was observed. This seems to indicate either a paralyzing 
property of pyrodin in the maturation phase reticulocyte— adult 
erythrocyte, occurring in the blood stream, or a hindering property 
on the bone marrow capacity to form complete adult red cells. As 
is indicated in Table 4, maturation of reticulocytes always occurred 
between 4S and 72 hours after the last injection. This constancy 
could perhaps be interpreted as one more indication that the span 
of the reticulocyte stage is of that order of magnitude. If we con- 
sider that the reticulocytes are still subjected to the drug for a 
certain period of time following the last injection, it is quite possible 
that the maturation time in physiologic conditions might be around 
24 hours, as observed in humans by some authors. 11 ’ 19 ' 27 ’ 2S 

We believe that this type of anemia would give greater informa- 
tion concerning the duration of the reticulocyte stage in the blood 
stream if careful morphologic observations were made at short 
intervals (12 hours) during the period of regeneration. In this way 
quantitative data could be obtained regarding the transformation of 
the reticulocyte into a newly formed adult erythrocyte. Also the 
question as to whether the red cell always leaves the bone marrow 
as a reticulocyte or also sometimes as a complete adult erythrocyte 
under normal conditions could perhaps be elucidated by this experi- 
mental anemia. 

Summary. The administration of pyrodin produces no marked 
differences in the destruction and regeneration of erythrocytes be- 
tween normal, splenectomized, renal fistula dogs and those with 
severe hypochromic anemia. 

Destruction Phase. 1. In dogs or rabbits all red blood cells other 
than reticulocytes are damaged 24 hours after injection of pyrodin, 
as shown by the presence of Heinz bodies in the cells. 
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was a marked increase of bilirubin output in the urine eliminated 
during a 24-hour period following the first injection. Our interpre- 
tation of phagocytosis as the main mechanism of destruction in this 
type of anemia is based upon the frequent finding of red cells within 
reticulo-endothelial cells containing iron pigment as well. 

Blood Regeneration. The reticulocytes increase in number be- 
tween the third and fourth days following the first injection. The 
number of new cells formed each day appears to be quite constant, 
at least for the 10 first days of the regenerative period. As we 8 and 
Bodansky 4 have observed during treatment of hookworm anemia 
and other hypochromic anemias, the reticulocytes have a greater 
volume than the adult erythrocytes. Bodansky and Dressier 5 found 
an increase of the water content in the reticulocytes as compared 
with adult erythrocytes. An approximate idea of the mean cor- 
puscular volume of the reticulocytes as presented in this paper, 
indicates a volume twice that of the adult erythrocyte. The evolu- 
tion of the reticulocyte toward the adult erythrocyte seems to be 
accompanied by a rapid decrease in mean corpuscular volume. A 
modification of its shape must also occur if we take into considera- 
tion the result obtained in a recent study 9 of the fragility in hypo- 
tonic solutions of new formed cells tagged with radioactive iron. 
This interpretation is based upon the widely accepted explanation 
of the mechanism of hemolysis toward hypotonic solutions, empha- 
sizing the relationship between the shape of red cells and their 
behavior in hypotonic solutions. 7 ’ i7,26 

The amount of hemoglobin in the reticulocytes seems to be the 
same as that in adult erythrocytes, thus indicating a lower hemo- 
globin concentration for the reticulocyte as compared with the 
mature erythrocyte. 

In animals rendered anemic by bleeding, erythrocytes are micro- 
cytic and poor in hemoglobin. In these animals the regeneration 
following hydrazine shows the presence of reticulocytes of the same 
size and hemoglobin content as observed in reticulocytes of a nor- 
mal dog. This finding indicates a normal capacity to form red cells 
in such conditions. If this takes place during the physiologic forma- 
tion of new red cells in this type of anemia (hypochromic, microcytic) 
it might indicate that the erythrocytes become smaller and hypo- 
chromic in the blood stream through loss of hemoglobin while in the 
circulation. It is surprising to note how great the difference in the 
distribution of hemoglobin is before and after administration of 
hydrazine. For instance, in anemic Dog 39-299, 7.4 gm. of hemo- 
globin per 100 cc. of blood was distributed among 6.5 millions R.B.C. 
per c.mm. In contrast, during the regenerative phase following the 
administration of pyrodin, we found the same amount of hemoglobin 
(7.4 gm.) distributed among only 3.4 millions R.B.C. per c.mm., 
i- e., half the number of erythrocytes found previously. 

It is a well-known fact that the greatest experimental reticulo- 
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Lichtman and Bierman 6 have recently assembled the reported 
largest series of experiences in the treatment of subacute bacterial 
endocarditis with sulfonamide drugs. Among 198 cases receiving 
simple chemotherapy there were 12 (6%) recoveries. Among 89 
other cases in which such chemotherapy was combined with other 
measures— intravenous heparin, physically induced hyperthermia, 
intravenous typhoid vaccine or radiotherapy— there were 14 (16%) 
recoveries. 

It is our purpose to add to these reports the experiences in the 
treatment of 86 cases of subacute bacterial endocarditis in this hos- 
pital who received one of the sulfonamide drugs for more than 
1 week, more than 2 weeks before death. Among these were 
1 probably proven case with recovery and 1 death with cerebral 
hemorrhage in a patient who was receiving continuous heparin 
administration. 

Several patients received more than one sulfonamide drug; 23 
received sulfapyridine; 13 received sulfanilamide; 7 received sulfa- 
thiazole; 4 received sulfainethvlthiazole; 1 received neoprontosil and 
1 received sodium paranitrobenzoate. 
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2. Damaged cells became progressively more fragile in 0.5% NaCl 
solution in distilled water. 

3. In a given anemia the Heinz bodies increase in size with the 
severity of intoxication that follows repeated doses; the Heinz body 
is larger in the severely intoxicated animal than in one less severely 
intoxicated. Heinz bodies produce increased turbidity when blood 
is laked in distilled water. 

4. Damaged cells disappear progressively and completely from 
the blood stream in 12 days, on the average, after beginning the 
poisoning. Evidence for this is obtained by direct morphologic 
examination; by return to normal behavior toward hypotonic salt 
solution, as well as by disappearance of the turbidity of distilled 
water due to insolubility of Heinz bodies. 

5. Doses of pyrodin employed did not cause appreciable hemolysis 
(as seen by the appearance of the plasma) throughout the intoxica- 
tion process. 

6. Pathologic examinations of animals sacrificed or dead at differ- 
ent stages of the intoxication showed large amounts of iron pigment 
and some erythrophagocytosis in the spleen, liver and bone marrow. 

7. The mechanism of destruction in this type of anemia appar- 
ently acts primarily by damaging erythrocytes. These cells become 
like foreign bodies and are phagocytosed by cells of the reticulo- 
endothelial system. 

Regeneration Phase. 1 . The regeneration begins 3 to 4 days fol- 
lowing intoxication and is maintained for 10 to 15 days at a high 
rate, putting into circulation on the average 0.300 million R.B.C. 
per c.mm. daily.' 

2. Mean corpuscular volume of reticulocytes could be roughly 
estimated as double that of adult erythrocytes. 

3. It has been shown that dogs with severe microcytic, hypo- 
chromic anemia could produce reticulocytes with normal mean cor- 
puscular volume, containing normal amount of hemoglobin, during 
regeneration after pyrodin anemia. However, microcytosis could 
be again observed after some time. 

4. If all erythrocytes leaving the bone marrow are reticulocytes, 
then pyrodin seems to have a paralyzing effect on the maturation of 
reticulocytes to normal adult erythrocytes. This fact, together 
with the specific destruction of adult red blood cells, seems to explain 
the high percentage of reticulocytes in this type of anemia. 
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following which there was a daily maximum of 99° to 99.5° (oral) until 
the 20th hospital day. The patient then had a severe chill with a fever of 
105° (rectal). Thereafter, he had an intermittently high fever with chilLs 
until chemotherapy was started. On the 22d hospital day there was ten- 
derness in the left upper quadrant. On the 25th hospital day he had pain 
in the right forearm over the tendon of the flexor digitorum without signs 
of inflammation. 

When the blood cultures were found to be positive, treatment with 
sulfapyridine was started. After a period of S days, during which time 
some doses were omitted or reduced because of toxic symptoms, he was 
able to tolerate alternating doses of 1 gm. and 0.5 gm. of sulfapyridine every 
3 hours. After the institution of chemotherapy there was a reduction of 
fever to a daily maximum of 99° to 99.5° (oral) until the 36th hospital day, 
when it rose to 102.2 °. It remained at approximately this level for 48 hours. 
Then sulfapyridine was discontinued. The temperature gradually subsided 
to nonnal in the next 2 days and remained normal thereafter. The patient 
has remained in his usual state of health for 16 months. 

Case 2.— J. T., a 29-year-old white nurse, admitted to the hospital on 
February 3, 1940, had been well until October, 1939, when she developed 
anorexia, fatigue, a mild dry evening cough, and drenching nightsweats. 
She continued her nursing duties until 6 weeks later, when she had a sudden 
attack of severe epigastric and right upper quadrant pain with vomiting 
and persistent nausea. After a week’s rest in bed she returned to work, 
but complained of increasing fatigue, transient arthralgias, and evening 
temperatures ranging between 99.2° and 100.8°. Within the last month 
she had also had an attack of left-sided pleurisy lasting a few hours, another 
“gallbladder” attack, and an episode of pain, redness, and swelling in 
the left ankle which had subsided after a few days without residual. Since 
the onset of her illness she had lost 13 pounds. 

She gave no history of dental extraction or infection shortly prior to her 
illness. No disturbance of the menstrual cycle was reported. She had 
been in the habit of expressing the contents of small acne pustules on the face. 

She had had frequent tonsillitis and “growing pains” as a child. Her 
tonsils had been removed at the age of 14 “because of a bad heart.” In 
1936, at a preemployment examination, she was told that she had rheu- 
matic heart disease with aortic insufficiency and the examiner at that time 
remarked on the presence of dubbed fingers. 

Physical Examination. The patient appeared pallid and chronically ill. 
Acne vulgaris was present over the face and shoulders. The left border of 
cardiac dullness was 9.5 cm. to the left of the mid-sternum. At the cardiac 
apex there was a systolic thrill and a loud, rough systolic murmur. The 
diminished aortic second sound was succeeded by a high-pitched, blowing, 
early diastolic murmur. The pulse rate was 110, regular, and of the 
Corrigan tj'pe. Her systolic blood pressure was 80 mm. Hg; diastolic, 46. 
The liver edge was palpable, 5 cm. below the costal margin in the mid- 
clavicular line on moderate inspiration. The spleen could not he felt. 
There was definite clubbing of the fingers. No peteehi® were noted. 
Pelvic examination revealed no abnormality. 

Laboratory Data. All urine examinations were negative. Hemoglobin 
was 00Co (Sahli); red blood cell count was 3,300,000 per c.mm.; and the 
white blood cell count was 12,550 with 76% neutrophils. The Ivahn test 
on the blood serum was negative. 

Tiiree successive blood cultures showed up to approximately 150 colonies 
per ec. of Staph, albtts. The orthodiagram revealed generalized cardiac 
enlargement. An electrocardiogram showed slight left axis deviation. 

Treatment with sulfamethylthiazole, 1 gm. every 6 hours, was commenced 
on the 0th day of hospitalization. In 2 days the temperature had fallen to 
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As has been a common experience, particularly during the admin- 
istration of sulfapyridine, there was frequently a subsidence of fever 
without apparent effect on the course of- the disease. With the 
exceptions to be noted, the temperature never remained completely 
normal for more than a very few days. The antipyretic effect of 
sulfapyridine has been noted by other observers. 1 

When colony counts were done, there was commonly a decrease 
in the number of organisms demonstrated in the blood stream. 
Five patients had one or more negative blood cultures during chemo- 
therapy while they continued to be febrile. These were probably 
falsely negative cultures. Janeway, 4 in reporting a method to avoid 
such falsely negative blood cultures, remarked on the inhibiting 
effect of previous exposure of organisms to sulfanilamide and of the 
sulfanilamide present in the blood sample upon the growth of a 
small number of organisms. 

Three patients had complete remissions of fever with repeatedly 
negative blood cultures for 18 days, 19 days, and 2 months, respec- 
tively. One of these was the case with cerebral hemorrhage, to be 
described. The other 2 relapsed and died in spite of continued 
chemotherapy. 

Case Reports. Case 1.— W. P., 23-year-old male student, was admitted 
to the hospital on October 15, 1939. Two years previously he had received 
here the diagnoses of congenital heart disease, tetralogy of Fallot, moderate 
cardiac enlargement, right bundle branch block and fair exercise capacity. 

For 1 week he had noted gradually increasing ease of fatigue and aching 
of the back and legs. Four days before admission he had two episodes of 
sharp pain in the right paraumbilical region, followed by a mild residual 
pain. On the morning of admission he experienced a sudden, severe pain 
in the lower anterior chest, on both sides, which was greatly aggravated by 
inspiration. During that day he had eight shaking chills. 

Physical Examination. The patient appeared to be acutely ill, in distress, 
and was deeply cyanotic. Respirations were shallow and rapid. No ab- 
normal pulmonary signs were detected. The apex impulse was in the fifth 
interspace, 8 cm. to the left of the mid-sternum. There was a pronounced 
systolic thrill over the precordium, most prominent over the upper left 
portion of it. A loud harsh murmur with similar location of maximum 
intensity almost completely obliterated the first heart sound. It was trans- 
mitted well over the anterior chest and but slightly to the neck vessels. 
There was mild tenderness in both costovertebral angles and over the right 
side of the abdomen. There was marked clubbing of the fingers and toes. 

Laboratory Data. Roentgen rays of the chest on the 2d, 10th, and 20th 
hospital days showed no evidence of a pulmonary lesion. Eleven of 10 
urinalyses showed a trace or more of albumin. On the 22d and 23d hospi- 
tal days there were 10 to 15 red blood cells per high power field in the 
centrifuged urinary sediment. The white blood cell count was 10,500 and 
remained at that level until the third week of hospitalization, when it ranged 
between 12,000 and 13,500. Hemoglobin was 150% (Saihli). The red 
blood cell count was 8,770,000. Four blood cultures in the first 3 weeks 
showed no growth. Strep, viridans grew in the blood cultures taken on the 
20th and 21st hospital days. Subsequent blood cultures showed no growth. 

Course, During the first 36 hours the temperature varied between 102° 
and 104.5° (rectal). Then there was an abrupt drop in the temperature 
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to eradicate the infection localized in the vegetations and in infected 
emboli. The absence of relapse in Case 1 after chemotherapy had 
been discontinued because of drug fever may have been due to 
lack of time for large enough vegetations to form to protect the 
organisms from the sulfapyridine. It seems probable that; chemo- 
therapy should be continued for a long time, in most cases, in order 
to destroy all of the organisms in the vegetations. 

We have not obtained, even temporarily, sterilization of the 
blood as frequently as has happened in most reported series. As 
more sulfonamide drugs become available it will probably be desir- 
able to select the drug on the basis of the bacteriostasis demonstrable 
in vitro for the strain of organism cultured from the individual case. 
Swain 7 reported a marked variability in the susceptibility to sulfa- 
pyridine of four strains of Strep, viridans isolated from cases of sub- 
acute bacterial endocarditis. There was good bacteriostasis of 
two strains from patients whose blood streams became sterile and no 
bacteriostasis was demonstrated with two strains from patients 
whose bloods were not sterilized by treatment. 

Kelson and White, 3 in their original report, recognized the danger 
of excessive bleeding incident to embolism in the treatment of sub- 
acute bacterial endocarditis with heparin. They reported one case 
who died with large occipital and subdural hematomas. These 
were considered to be embolic but it was thought that the heparin 
probably increased the hemorrhage. Other cases dying with cere- 
bral hemorrhage during heparin treatment have been reported by 
Friedman, Hamburger and Katz, 3 Witts 9 and by Fletcher.'- The 
latter noted that in all of these cases sulfapyridine had failed to 
sterilize the blood stream. He suggested that the persistence of a 
positive blood culture, and in particular the continued appearance 
of embolic signs, should contraindicate heparin treatment. Kelson 
and White 5 had advised beginning heparin administration from 4 to 
7 days after sulfapyridine had been started. If a sterile blood stream 
is to be a prerequisite for heparin treatment, some method such 
as that proposed by Janeway 4 should be used to avoid the falsely 
negative blood cultures which we and others have obtained. In 
our Case 2, the continuously normal temperature obtained suggests 
that the blood cultures were truly negative but that this did not 
prevent the occurrence of emboli. Four other patients in this series, 
whose blood was not sterilized, received continuous intravenous 
infusion of heparin during 10- to 15-day periods, without accident. 
In Case 2, more heparin was used and the clotting time was pro- 
longed more than advised by Kelson and White. 5 We have found 
considerable individual and day-to-day variation in the effect of 
heparin on clotting time. It had required considerably larger 
amounts of the same lot of heparin in a previous patient to prolong 
the clotting time to the desired value. 
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normal from its previous range of 100° to 103° (oral), and it remained so 
for the remaining 20 days of hospitalization. The white blood count con- 
tinued between 10,000 and 13,000. Blood cultures became decreasingly 
positive, and on the 12th, 14th, and 16th days after the commencement of 
the therapy they showed no growth. A final blood culture, taken 5 days 
later, was positive. 

Throughout the period of observation the patient complained of transitory 
pains under the nails, but no petechias were seen. On the 18th hospital day 
a small, red, painful area appeared at the base of the big toe. On that day 
was started continuous intravenous administration of heparin. In 18 hours 
she received 44,000 units of heparin, and her clotting time by the method of 
Lee and White had risen from 13 minutes to 2 hours, 25 minutes. At this 
time she had a severe epistaxis, became very nauseated and vomited about 
75 cc. of coffee-ground material. At about the same time she began to 
complain of a severe generalized headache and numbness of the hands. All 
treatment was stopped immediately. The headache persisted, the_ numb- 
ness became localized in the left hand which showed motor incoordination. 
She remained much prostrated and died suddenly in the night, 1 week after 
heparin had been discontinued. 

Autopsy. The heart weighed 490 gm., and the left ventricle was hyper- 
trophied. Microscopic examination revealed some interstitial myocardial 
fibrosis, but no typical Aschoff bodies. There were a few vegetations on 
the mitral valve which was not greatly deformed. The aortic leaflets were 
thickened, adherent, and covered by vegetations. The largest lesion was 
on the valve cusp beneath the left coronary ostium, and measured 5 mm. 
in diameter. A smear and a culture from the center of the vegetations 
. showed an abundance of Staph, alb us. 

In the spleen were three small infarcts. In the fundus uteri were some 
small remnants of hyalinized placenta, which were not infected. There was 
a recent thrombosis in the large veins of the broad ligaments. 

On the middle portion of the superior aspect of the right cerebral hemi- 
sphere there was an area of old hemorrhage, measuring 6 by 8 cm., in the 
subarachnoid and penetrating the superficial layers of the cortex, within 
which a zone of fresher hemorrhage about 1.5 cm. in diameter could be seen. 
Microscopic examination revealed an organizing embolus in a large super- 
ficial artery with fresh hemorrhagic necrosis in the center of the infarcted 
area and older, ischemic necrosis and reactive gliosis about the periphery 
of it. This was interpreted as evidence of a previous infarct, several days 
old, undergoing necrosis, into which a fresh hemorrhage had occurred. 

Comment. The diagnosis of subacute bacterial endocarditis in 
Case 1 was fairly well established by the two positive blood cultures 
on consecutive days, the pleuritic pain without development of 
demonstrable pulmonary lesions (the congenital heart lesion would 
permit pulmonary embolism), transient microscopic hematuria and 
episodes of abdominal pain and tenderness. It is probable that the 
early treatment, 1 month after the first fatigue symptoms, perhaps 
before organisms were buried deeply in vegetations, was a factor 
in the favorable result. In Case 2, the persistence in vegetations 
of organisms of low-grade virulence and good susceptiblity to chemo- 
therapy (Staph, albns) when the temperature had been normal for 
3 weeks and 3 blood cultures had been negative, illustrates the diffi- 
culty in the chemotherapy of subacute bacterial endocarditis. 
Temporary sterilization of the blood stream cannot be expected 
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1932, Foshay 8a first reported on a serum treatment for this disease. 
This was followed by a number of other contributions 84-0 on the 
same subject, the latest being a statistical study of 600 cases in 
which serum treatment 87 was used. His early remarks as regards 
these 600 cases are that “the results of serum treatment varied 
considerably, especially with relation to the clinical type that was 
presented, the presence or absence of extensive visceral lesions, the 
quantity and potency of serum that was given, and the stage of 
disease at which patients were treated.” In a further analysis of 
these cases Foshay states that “statistical studies confirmed and, 
in some respects, amplified the clinical evidence that serum therapy 
modified favorably the course of the disease with respect to mor- 
bidity and to mortality.” 

Baer 1 reported the early use of small doses of Roentgen rays to 
the primary lesion in 2 cases resulting in the arrest of the progress 
of the disease. Bate, 1 in 1934, used the blood of a patient who had 
recovered from tularemia, giving it as a transfusion, with gradual 
improvement. Elson, 6 using the syrup of ferrous iodide, reported 
rather enthusiastically on 2 cases. He feels' “that ferrous iodide is 
a specific in tularemia.” Barthelme 3 has used metaphen success- 
fully in the treatment of this disease, reporting 60 cases with 1 death. 
He reports that Shelton has used quinine successfully. 

Sulfanilamide and its derivatives have received much attention 
in the past 3 years in the treatment of tularemia. Miller and Ban- 
nick, 10 reporting a case, used heavy doses of sulfanilamide over a 
period of 6 days with apparently no benefit. This patient showed a 
“prompt improvement” following the use of 2 doses of Foshay’s 
antitularemia serum. Powers and Powers 12 later reported recovery 
of a case following the use of sulfanilamide and Foshay’s specific 
antiserum. Curtis 6a reported the successful treatment of a case 
with sulfanilamide; and this was followed by a report 64 of 4 addi- 
tional cases similarly treated. Weilbaecher and Moss 13 report 5 
interesting cases of tularemia treated with sulfapyridine, sulfanila- 
mide, sulfamethylthiazole and sulfathiazole. Their observations 
were such as to show benefits only with sulfamethylthiazole and 
sulfathiazole. Johnston reported a very unusual case in which 
“rapid clinical improvement ensued immediately following the use 
of sulfanilamide.” However, “during the subsequent rise in fever 
the drug was purposely withheld, in spite of which a prompt drop 
to normal occurred.” From this observation he inferred that “one 
cannot know whether sulfanilamide was of any value or not.” 
Barkley,- after using large doses of sulfanilamide for 5 days without 
any results, changed to sulfathiazole in large doses for 4 days with 
a clearing up of symptoms 4S hours after the latter drug was started. 

From the above reports it is readily apparent that the treatment 
of this disease is still very uncertain. Since December 27, 1940, the 
writer has had occasion to treat 3 cases of tularemia. One of these 
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Staph, albus as the infecting agent in subacute bacterial endocar- 
ditis is uncommon, occurring in 4 of Thayer’s 8 series of 362 cases. 
There has been one other case due to this organism in this hospital 
in the last 15 years. In one of Thayer’s cases, the origin was 
ascribed to a paronychia. In our case, possible sources were trau- 
matized acne postules or previous uterine infection. 

Summary and Conclusions. Among 36 cases of subacute bacterial 
endocarditis treated with sulfonamide drugs there were 5 cases with 
one or more probably falsely negative blood cultures, 3 instances of 
probable sterilization of the blood stream with normal temperature 
temporarily and 1 cure of a probably proven case. Among 5 cases 
who also received continuous intravenous infusion of heparin there 
was 1 death with cerebral hemorrhage and no cure. 

The reported experiences in the chemotherapy of subacute bac- 
terial endocarditis warrant persistence in the accumulation of data 
concerning the different adjuncts to chemotherapy and the selec- 
tion of a sulfonamide drug on the basis of baeteriostasis, demon- 
strable in vitro, for the strain of organism obtained from the indi- 
vidual case. 
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The treatment of tularemia continues to be very uncertain in 
spite of reports on successfully treated cases appearing in the litera- 
ture from time to time. Perret, 33 reporting a study of 69 cases, is 
of the opinion that the treatment of this disease “is symptomatic.” 
Since the introduction of sulfanilamide and its various derivatives, 
an increasing number of cases, treated with these drugs, is gradu- 
ally appearing in the literature. Certain it is that even at the 
present time many types of therapy continue to be used, and these 
usually with most uncertain results. 

Fisher 7 reported successfully on the use of neoarsphenamine in 
the treatment of 4 eases. Most writers, however, feel this drug to 
be ineffective and have accordingly discontinued its use. Early in 
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Upon leaving the hospital he felt badly and very weak; which continued 
for many days. At times he felt fairly well, but usually he was tired, lazy, 
droopy and restless. He was never able to return to work. 

On January 23 a painful tooth was extracted. The following day he 
again developed high fever, with pains over his entire body, free sweating 
and had several chills. The right axillary mass became more painful, and 
after several days of self-medication he called me in (January 27), and 
I sent him to the hospital. The agglutination test for tularemia was 
reported as positive. 

On January 30 acriflavine was given, as in Case 1. The next day the 
fever dropped to normal and remained so for 2 days, when, following another 
intravenous administration of acriflavine, it went to 100° for a short time. 
After this it never went higher than 99.4° F., which followed a third treat- 
ment with acriflavine on February 5. He was permitted to go home on 
the following day. 

After the first administration of acriflavine, the patient said he felt 
markedly improved. His malaise disappeared completely and his strength 
seemed to return overnight. His appetite became very good, and he fre- 
quently asked for second servings. He showed signs of a returning ambi- 
tion and was anxious to go back to work. His general appearance markedly 
improved, and pallor was soon replaced by a rosy complexion. When seen 
in the office 4 days after leaving the hospital he said he felt “a thousand 
times better.” The pain in his right axilla had disappeared after the first 
administration of acriflavine. On February 27 he was working and feeling 
fine. He had regained much of the weight he had lost, and had never had 
any more trouble. 

Case 3.— Air. A. B., aged 21, began cleaning rabbits in large numbers, 
when the season started, with the above Mr. J. AI. At about 2 a.m. on 
November 26, 1940, the patient was awakened by a chilly feeling and con- 
tinued having chills all night. In spite of feeling very badly, he forced 
himself to go to work. 'Although he felt much depressed and uncomfort- 
able, he had no pains. The condition was diagnosed and treated as influ- 
enza, but as he was no better by November 30, he went to the Charity 
Hospital. On November 29 he first noticed a small painless mass in his left 
axilla. 

At the hospital a small lesion, that had been present several days, was 
discovered proximal to the nail base on the dorsal aspect of the left middle 
linger. A diagnosis of tularemia, ulcero-glandular type, was made and he 
was admitted. The agglutination test for tularemia was positive. Here 
he was treated with large doses of sulfathiazole. He was discharged on 
December 29. 

On leaving the hospital he continued to feel badly and had an occasional 
chill. His family physician incised and drained much pus from large left 
epitroehlear and left axillary lymph nodes (about February 19). He con- 
tinued running a low-grade fever. 

I first saw him on Alarch 10, and sent him to the hospital on the following 
day. During his 12 days there he was given 4 intravenous treatments of 
acriflavine administration in the same manner as for the above 2 cases— 
the administrations being given every 72 hours. Following these treat- 
ments he said he felt much stronger and his appetite returned. Although 
he continued to run a low-grade fever at irregular intervals, he was per- 
mitted to go home, in the hope that the fever would soon subside entirely, 
and he would recover fully. In spite of the moderate clinical improvement, 
however, he continued to run this low-grade fever; and on April 7, a check-up 
examination showed a moderately enlarged liver and a definitely palpable 
-plecn. The epitroehlear sinus had stopped discharging in the hospital, 
but the axillary sinus continued draining slightly. On April 9, as the spleen 
seemed larger, he was referred to Drs. Alenville and And, who subjected 
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cases was acute and the other 2 definitely chronic. Because of an 
interesting experience with acriflavine in the treatment of a case of 
typhus in May of 1940, I decided to use this drug on these cases. 
It is my intention in this report, therefore, merely to present the 
histories of these 3 cases of tularemia in which this drug was used 
apparently with distinct benefit. Although I do not make any 
claims for any form of therapy on the basis of 3 cases, nevertheless, 
the results obtained, I believe, adequately justify the presentation 
of this subject, in the hope that additional investigations might 
determine its true value. 

Case Reports. Case 1.— Mr. N. F., aged 21, a worker in the fish and 
game market, became ill on Christmas Day, 1940. He had returned home 
late from a Christmas Eve party feeling well. When awakened at 3 in 
the afternoon, he had a headache, and felt badly. From this time until 
December 29, when he first noticed he was in a hospital, he remembered 
nothing at all. A history from the family showed he had been skinning 
rabbits for 2 months, the last being on December 24. His temperature was 
slightly over 105°. He was incooperative and talked incoherently. Exam- 
ination of his hands showed a small ulcer about 3 mm. in diameter on the 
dorsum of his right index finger over the distal interphalangeal joint. The 
right axillary lymph nodes were enlarged, very tender and painful. A 
diagnosis of tularemia was made and he was sent to the hospital. An 
agglutination test for tularemia on January 2 showed “a few clumps in a 
dilution of 1 to 20.” On January 7, the test was positive at 1 to 320. 

Until January 3, he was treated symptomatically. Sulfathiazole and 
neoarsphenamine were next used. On January 11, he was given 100 mg. 
of acriflavine, dissolved in 250 cc. of normal saline, intravenously. This 
was followed by 1000 cc. of 5 % glucose in normal saline as an infusion. 
In the afternoon of this day the patient said he felt “fine.” His tempera- 
ture for the first time failed to go above 100° F. The next day there was 
a very marked improvement in his clinical condition. He volunteered the 
information that he was feeling fine for the first time since becoming ill. 
His pains were all gone. The enlarged and painful right axillary lymph 
nodes seemed to suddenly become painless. The maximum temperature 
on January 12 was 99.6°. By noon of this day it dropped to 99°, reaching 
this level again the following morning and at 8 p.m. on January 14. During 
the afternoon of this latter day, another 100 mg. of acriflavine was given. 
The next morning the temperature was 98 and never again went above 
normal. His strength seemed to return so rapidly, and he felt so greatly 
improved that he wanted to go home the next day. He left the hospital 
on January 19. 

On February 11, the patient felt strong and entirely recovered from his 
illness. He had gained about 10 pounds; and the enlarged axillary lymph 
nodes were still painless and seemed to be getting smaller. The region of 
his primary lesion showed a darkly pigmented, small scar. 

Case 2.— Mr. J. M., aged 27, a market worker, had been cleaning rab- 
bits since the season started. On the morning of December 11, 1940, he 
awakened with chills and fever. All day he felt chilly at work and that 
night began having pains all over his body. Continuing to feel “miserably,” 
and now having pain in right axilla, he called in a physician on December 13, 
who sent him to the Charity Hospital with the diagnosis of “rabbit fever.” 
The primary lesion was found on the volar surface of his right index finger, 
over the distal interphalangeal joint. The agglutination test for tularemia 
was positive (1 to 320) on December 28. He was treated with large doses 
of sulfathiazole and on December 30 was permitted to go home. 
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well established until acriflavine was administered. In the third 
case the drug had eventually to be given more frequently in order to 
have a definite inhibitory influence on the growth of the offending 
organism. 

Conclusions. 1. The treatment of tularemia is briefly reviewed. 

2. Though the writer has had no experience with the use of 
Foshay’s antitularemia serum, the results from its use, as reported 
by Foshay himself, do not seem to have been sufficiently impressive 
to warrant its routine employment in all cases. 

3. Sulfanilamide and its derivatives are of little, and probably of 
no value in the treatment of this disease. 

4. Histories of 3 cases of tularemia are herein presented. The 
use of acriflavine intravenously seems to have been of distinct 
benefit in the treatment of each. The writer agrees that further 
observations in the use of this drug in the treatment of tularemia 
are necessary before making any definite evaluation of its efficacy. 

5. Should acriflavine prove to be of distinct benefit in the treat- 
ment of tularemia, it will very probably be shown that its action is 
bacteriostatic, permitting the host time to build his defense against 
this infection. 
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Infectious dermatoses of various types offer an inviting field for 
treatment by die local application of sulfonamide compounds. In 

* This study was aided by a grant from the Smith, Kline «fc French laboratories. 
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his spleen to 4 Roentgen ray treatments. The organ diminished in size; 
an epigastric discomfort passed off; and in spite of some discomfort after 
each treatment, an apparent improvement was admitted by the patient. 

Despite this, however, he continued running fever, and by April 14, 
the fever began going over 100° F. Foshay’s serum was considered, but 
the cost could not be afforded. I then decided to keep him at absolute rest 
in bed, treating him symptomatically at his home. After nearly 10 days 
as no improvement was observed, I decided he should reenter the hospital 
for more intensive treatment with acriflavine. 

On April 28 he was admitted to the French Hospital, where he remained 
until May 18. Another agglutination test for tularemia was reported posi- 
tive. During this time he was given 8 intravenous administrations of 
acriflavine according to the usual method (April 29 and 30, May 1, 3, 5, 7, 
10 and 14). After his second treatment he said he felt very much better. 
His strength seemed to return, his appetite improved, and he was able to 
rest better. Each administration of acriflavine was followed by a slight 
rise of not more than 1 ° of fever, except the last, which did not show any 
rise in temperature at all above normal. The fever gradually dropped and 
after May 12, no more fever was observed. His clinical improvement was 
marked: there was no more malaise, the appetite almost became voracious, 
he no longer felt droopy and had no more chilly sensations. His strength 
seemed to return so rapidly that he was soon asking permission to return 
to work. On reentering the French Hospital he weighed 132 pounds, and 
on July 1 his weight was 138| pounds. At this time he said he had never 
had any more trouble. 

Summary. The 3 cases herein reported have continued to be 
observed from time to time. Each is well, has picked up weight, 
feels fine and is back at his work. In each instance it appeared that 
the administration of acriflavine was followed by a definite clinical 
improvement in the patient’s condition. In the first case the fever 
likewise seemed to decline very definitely, following the use of this 
drug; whereas, the other 2 cases— although showing a definite ten- 
dency to a lessened fever— did not appear to be as definitely affected 
in this respect. The latter cases, however, were chronic in type 
when seen by me. Each sought relief from a reerudescent attack ; 
and the third one was the most protracted case, resistant to several 
forms of therapy and very stubborn to every form of treatment, 
including the first series of acriflavine administrations. In this 
third case the disease had become deep seated and very probably 
involved many of the hidden lymph nodes. Because of this prob- 
able extensive involvement of the lymphatic system, the illness was 
protracted and stubborn in its response to all the forms of therapy 
used. 

In no case was any disagreeable reaction observed from the use 
of acriflavine. Actually, aside from an occasional slight rise of 
temperature, following the administration of this drug, no untoward 
response was at any time seen. The writer feels that— if the drug 
was actually of any benefit— it probably acted as a bacteriostat. 
As such, the acriflavine very probably inhibited the growth of the 
organisms sufficiently to permit the host enough time to increase his 
antibodies to the point of finally overcoming the infection. Imeaeh 
case, it appears that the body defense did not become definitely 
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tions of space do not permit of a complete resume, but there is 
adequate convincing evidence that the local application of sulfona- 
mide compounds in tissue is an effective bacteriostatic agent. 

Vehicle of Application. Application of sulfonamides to the skin 
by, dusting the powdered drug on the affected site has definite dis- 
advantages in dermatologic therapy. The powder does not remain 
in contact with the site of infection unless an occlusive dressing is 
applied, and is easily washed aw r ay by serous or purulent secretion. 
It tends to become conglomerate and not to remain evenly distrib- 
uted over the area of application. An effective vehicle should, we 
believe, accomplish the following: 1, retain the sulfonamide in a 
finely divided state at the site of application for a reasonable period ; 

2, permit close contact of the compound with the site of infection; 

3, be miscible with serous and purulent drainage; 4, not form an 
impermeable and inert covering under which bacteria might grow 
readily; and 5, permit easy removal of bacteria contained in crusts 
and surface debris. In previous studies we have attempted to 
determine the best vehicle of application for certain of the com- 
monly used skin antiseptics, 12 and have observed the effect of 
various ointment bases and antiseptics on the bacterial flora of the 
normal skin. 16 Applying the criteria listed above to various oint- 
ment bases in common use, it seems to us that most of them have 
certain disadvantages. The all-grease bases, such as petrolatum, 
lanolin, or simple ointment are effective in retaining a medicament 
at the site of application, but may not allow intimate contact of the 
antiseptic agent with the site of infection, do not mix easily with 
exudate, are sometimes removed with difficulty, and probably 
increase the growth of bacteria under the grease film. Substances 
such as pectin, tragacanth, and bentonite are useful, but dry and 
flake off quickly unless a considerable amount of an anti-drying 
agent is added- Lotions have a limited usefulness. On theoretical 
grounds, water-in-oil emulsions may not show any superiority over 
grease bases, especially if the active ingredient is contained in the 
external oil phase. An oil-in-water emulsion type base, in which 
the sulfonamide is first suspended or dissolved in the external 
aqueous phase, offers certain- advantages in that it theoretically 
allows evenly distributed contact of the antiseptic with the site of 
infection, has a low surface tension, mixes readily with exudates, 
and is easily removed by washing. 

Of the available sulfonamides we have employed all of the follow- 
ing to some extent, sulfanilamide, sodium sulfadiazine, and sulfa- 
thiazole. However, the bulk of our experience has been with sulfa- 
thiazole. It has the advantage of being relatively effective against 
both staphylococci and streptococci. It is little soluble, and the 
probability of significant absorption is not great. The sodium salts 
of the various sulfonamides have a possible advantage of greater 
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many minor dermatologic conditions the risk of reactions following 
the administration of sulfonamides by mouth is unjustified, and the 
present methods of local treatment of superficial skin infections are 
not entirely satisfactory. 

This study is an attempt to determine: 1, the effectiveness of 
local sulfathiazole therapy in the treatment of various dermatologic 
lesions caused in whole or in part by pyococci; 2, the most efficient 
vehicle of application; 3, the evidences of local or general toxicity 
incident to such therapy; and 4, the effect on the various bacteria 
found in such lesions. A total of 190 patients has been treated. 

The recorded studies concerning the local application of sulfona- 
mide compounds in superficial dermatologic infections are as yet 
few in number, and some of them do not include detailed data. 
Jaeger 7 first applied Prontosil to various dermatoses in a vehicle of 
equal parts of acetone and alcohol, and in eholesterinized petro- 
latum. He noted no irritation at the site of application, and re- 
ported good results in infectious skin diseases, sweat gland abscesses, 
dermatomycoses, infected wounds, lupus vulgaris, and burns. Occa- 
sional improvement was noted in cases of eczema. Merz 14 used 
10% sulfanilamide ointment in acne, furunculosis, and impetigo, 
occasionally combining it with oral or intramuscular administration. 
Lamers 11 treated herpes zoster with an acetone-alcohol tincture of 
Prontosil, with “invariably good results.” Other studies include 
those of Dey, 2 in which he applied sulfanilamide powder in 20 cases 
of boils, ulcers, and other mild skin infections, and Smith, 18 in which 
5 cases of infected ulcers and burns were treated by soluble Prontosil 
in compresses or lanolin ointment. 

Veal and Klepser 20 treated 140 patients suffering from pyogeni- 
cally infected wounds, with sulfanilamide powder and an ointment 
containing 10% sulfanilamide, 2% allantoin, and 0.5% ehlorbutanol 
in a glycerinated stearic acid ointment. They noted early inhibi- 
tion of bacterial growth, with sterilization of the wound in about 
8 days. It was found that the ointment form seemed to promote 
granulation tissue, and initial application of the powder for from 
4 to 6 days, followed by use of the ointment, was suggested. Guyton 5 
found that the use of sulfanilamide in ointment had no striking 
effect attributable to sulfanilamide alone in catarrhal or gonorrheal 
conjunctivitis, or in trachoma. The results in corneal ulcers were 
good. Solutions of sulfanilamide were found to be less effective 
than ointments, and the details of preparation of a suitable base 
are given. The base employed was apparently of a water-in-oil 
emulsion type. The sodium salt of sulfapyridine was found to be 
irritating, apparently because of its higher pH- 

The most extensive studies of local sulfonamide therapy have 
been concerned with its use in surgical conditions, particularly 
infected wounds, 6 after clean operative surgery, 9 and in compound 
fractures. 8 The references given are representative, since restric- 
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injury. At times the secondary infection was acute and overt, with pus- 
tules, erythema, pain, lymphangitis, and occasional evidence of general 
reaction. This was particularly true in dermatitis venenata or fungous 



Fig. 2.— a. Intertriginous inflammatory eczema of toes suggesting a superficial 
fungous infection. No fungi were found on repeated culture, hemolytic streptococci 
isolated in pure culture. 6, After 1 week of treatment with sulfathiazole emulsion 
ointment. In this patient one foot remained clear and the other showed a recurrence 
which was not controlled by sulfathiazole ointment. 



Fia.d. — a. Chronic ulcer of calf of leg Hemolytic streptococci isolated in pure cul- 
ture. b. After treatment for 1 week with sulfathiazole emulsion ointment. 


infections of the feet infected with streptococci. In secondarily infected 
eczema or seliorrheic dermatitis, however, there may be little evidence of a 
local purulent reaction, and yet apparently pathogenic microorganisms may 
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Bv 100% improvement is meant a rapid and complete return of the 
skin to its normal state. The rapidity of response to local -sulfa- 
thiazole therapy, When it is to prove effective, surpasses that seen 
with any other -local antiseptic, in our experience. Cases classified 
as showing 75% improvement responded rapidly to local sulfathia- 
zole therapy, with relief of symptoms, but did not progress to com- 



Groups I H JL HZ 


Fig. g. — R esults of local sulfathiazolc therapy in various types of superficial der- 
matoses associated with infection. 

Group I — Primary pyoderma (impetigo, acute infectious eczematoid dermatitis, 
and so on). 

Group II — Chronic eczematoid and intertriginous lesions of varied etiology, in- 
cluding pyogenic infection. 

Group III — Deep chronic ulcers of skin and subcutaneous tissues. 

Gruup IV — Secondary pyogenic infections of preexistent dermatoses (including 
dermatitis venenata, fungous infections, and eczema). 

plete cure, and other measures became necessary. A 50% improve- 
ment indicates definite lessening of objective and subjective signs 
and symptoms of infections, and could be classed as “satisfactory.” 
Improvement under 50% was partial and often temporary and could 
lie duplicated or surpassed by a number of other local methods of 
treatment. 

It is noted that in primary superficial pyodennias, rapid, complete 
cure was obtained in 30 of 35 cases treated. In such cases the 
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be repeatedly recovered over a long period of observation. In our experi- 
ence, acute flare-ups of ringworm of the feet are more often due to pyogenic 
invaders than to the fungi themselves. 



Fig. 4. — a, Acute streptococcic pyoderma complicating chronic intertriginous fun- 
gous infection of toes. Associated femoral adenopathy. 6, After treatment for 
2 days with sulfathiazole emulsion type ointment. The chronic underlying fungous 
infection was not affected. 

In addition we have treated 30 patients suffering from various miscel- 
laneous dermatoses, including dermatitis and eczema, dermatophytids and 
“pyids,” cellulitis and erythema multiforme. In some of these, occasional 
good results follow sulfonamide therapy by mouth. Nine patients with 
folliculitis or furunculosis were treated, and 13 patients with acne. 

The types of bases used in this study were as follows: 


Grease base: 

Sulfathiazole 5 . 0% 

Simple ointment (U.S.P.) 95 0% 

“ Vanishing” type stearate base: 

Sulfathiazole 5 . 0% 

Carbitol 10.0% 

Stearic acid 20.0% 

Peanut oil 4.0% 

Potassium hydroxide 1 . 0% 

Water* 60.0% 

Pectin base: 

Sulfathiazole 5.0% 

Pectin 10.0% 

Benzoic acid 0.2% 

Ringer’s solution* 84.8% 

Oil-in-water emulsion type base: 

Sulfathiazole 50% 

Sodium lauryl sulphate 1 . 0% 

Stearyl alcohol 10.0% 

Cetyl alcohol 3.0% 

Spermaceti 10.0% 

Glycerine 10.0% 

Water* 61.0% 


* Glycerine may be added for its anti-drying action without impairing the action 
of sulfathiazole. Dr. R. H. Blythe prepared the ointments used in this study. 

Clinical Results. In Figure 5 are given the results of treatment 
m 134 patients with dermatoses due in whole or in part to pyococci. 
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so variable that any conclusions must await experience in a large 
number of cases. It was noted that the emulsion or stearate vanish- 
ing bases did not cause flare-ups of acne of the type sometimes noted 
after application of various greases. 

Directions for Application of Ointment. In order that an adequate 
concentration of sulfathiazole may be maintained at the site of 
infection, and that the effect of substances interfering with its action 
(peptone, pus) may be counteracted, certain rules for application 
have been established. These are: 

1. Application of the ointment four to sLx times daily, unless a 
closed dressing is used. 

2. Careful cleansing of the affected area as vigorously as may be 
tolerated by the patient. Crusts and debris from vesicles and scales 
should be removed scrupulously. Saline, boric acid, or dilute potas- 
sium permanganate solution applied as compresses or soaks are 
useful in cleaning up lesions.* 

3. Surgical drainage of all pustules or vesicles, even the smallest. 
Sulfathiazole ointment has little effect when applied to the top of an 
intact pustule. Patients or attendants may be trained to open 
pustules with clean manicure scissors safely and satisfactorily. 

Bacterial Findings. In 119 of the 134 cases in Groups I, II, III 
and IV, of this series, bacterial cultures were performed. The tech- 
nique will not be given in detail. It is important that cultures be 
incubated under both aerobic and anaerobic conditions. 

It is often difficult to evaluate the significance of a particular 
strain of bacteria isolated from a lesion of the skin, particularly in 
chronic intertriginous or patchy eczematoid lesions. We record 
these bacterial findings as factual information, but shall not in this 
paper attempt an extensive review of the controversial opinions as 
to the pathogenicity of the organisms recovered. Since the original 
work of Sabouraud 17 on streptococcic dermatoses, several studies of 
the role of streptococci in various skin lesions have appeared, of 
which those of Mitchell, 15 Kinnear, 10 and Epstein 3 are representative 
examples. In several thousand scrubs of the normal skin of the 
hands and forearms of 8 subjects, using the Price technique, we have 
not encountered a single culture of streptococcus hemolyticus. This 
is not in accord with the statements of other observers. 51 The role 
of staphylococci in a particular skin lesion is even more difficult to 
determine, because they are regularly isolable from normal skin. 
We believe that some of the findings in cases in which bacterial cul- 
tures were done repeatedly during sulfathiazole therapy may shed 
light on the significance of the organisms recovered. 

Figure (3 gives the bacterial findings in our cases, together with 
the corresponding number of cases showing a “satisfactory” im- 
provement of over 50% of sulfathiazole therapy. The patients 
grouped under “streptococcus” or “staphylococcus” showed a pure 

* Sulfathiaiole in an emulsion type base may be used in place of soap. A study 
of its effect in reducing the bacterial Bora of the normal akin is in progress. 
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changes were easily determinable in 48 hours, often in 24. Strep- 
tococcic impetigo responded most rapidly, with absolute prevention 
of new lesions as a rule, and complete disappearance of all lesions 
in 4 to 5 days. 

In the group of processes of chronic infectious eczematoid charac- 
ter (Group II), the- results were less striking, 15 of the 40 cases 
showing a rapid and complete cure, 7 a 75% improvement, and 8 a 
50% improvement. Nevertheless, because these cases are ordinar- 
ily very resistant to other methods of treatment in our experience, 
local sulfathiazole is regarded as being of distinct value. 

In 9 cases of relatively deep chronic ulcers of the skin and sub- 
cutaneous tissues, complete rapid healing was noted in 5 (Fig. 3 
A, B). In such cases it was ordinarily convenient to pack the ulcer 
with sulfathiazole emulsion and apply a dressing. 

In Group IV, in which the infection was obviously a complication 
of a preexistent dermatosis of chronic or acute character, complete 
cure, with return of the skin to a normal state within 1 week, was 
noted in 27 of 51 patients. No irritation from the sulfathiazole 
ointment was noted in patients suffering from a previous dermatitis 
venenata. There was no indication that sulfathiazole ointment had 
any effect on an underlying chronic fungous infection or seborrheic 
dermatitis, and only occasionally did a preexistent eczema show 
permanent improvement. 

An illustrative case in this group is the following: 

Case 1 .— J. R, a white girl, aged 9, sustained a dermatitis venenata due 
to rhus, on the legs, arms, and face. Five days after the dermatitis ap- 
peared, thin-walled superficial pustules on a highly inflammatory base were 
noted, (typical of streptococcic pyoderma). These increased in extent, 
affecting principally the previously dermatitie skin. Femoral, axillary, and 
cervical lymphadenopathy appeared, and the fever rose to 104°. A pure 
culture of hemolytic streptococci was obtained. The pustules were all 
opened, tissue debris and crusts removed, and sulfathiazole emulsion oint- 
ment applied every 3 hours. The temperature became normal in 24 hours, 
and remained so. Complete healing occurred within 4 days. In another 
patient with an entirely similar eruption, sulfathiazole was also given by 
mouth, with similar prompt improvement. 

In the miscellaneous group of 30 cases of dermatitis, eczema, 
“ids,” low-grade cellulitis, and erythema multiforme, no improve- 
ment was noted in 17, and the moderate improvement noted in the 
remaining 13 cases was no more than would have been expected 
from application of a bland ointment, or incidental to the normal 
course of the disease. 

Our experience with deep follicular infections, either primary or 
secondary to acne vulgaris, is as yet limited. It is believed that 
sulfathiazole ointment has no effect on a developing unopened 
lesion. After surgical drainage, it is uncertain that improvement is 
more rapid with sulfathiazole ointment, but we have the impression 
that the development of secondary satellite lesions is impeded. 
The course of folliculitis, furunculosis and pustular acne vulgaris is 
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isms, complete cure was obtained in 12 of 28 cases. When the 
culture revealed principally staphylococci, complete cure was noted 
in only 4 of 26 'patients, and 10 were unimproved. These results 
might be interpreted in two ways, either sulfathiazole ointment is 
less effective against infectious skin lesions in which large numbers 
of staphylococci are found, or dermatoses associated with local 
staphylococcic infection are more readily influenced by standard 
treatment measures and sulfathiazole ointment offers less superiority. 

Results in Cases of Superficial Infection 
Previously Resistant to 
Other Types of Treatment 



Strep. Staph. 


Fig. 7. — Local sulfathiazole therapy in patients previously resistant to various 
other types of treatment. 

Comparative Effect of J'arious Bases. In our initial experience 
with all-grease bases, it was soon apparent that the clinical effect, 
while often surpassing the improvement obtained with ammoniated 
mercury ointment, was not as good as when the sulfathiazole was 
incorporated in an emulsion or stearate vanishing type base. After 
treatment of approximately 15 cases, all-grease bases were therefore 
discarded for a time, and our studies confined to the vanishing or 
emulsion type bases. More recently we have compared the effect 
of sulfathiazole in emulsion base and in a proprietary grease base 
apparently containing a mixture of petrolatum and lanolin. We 
have concluded that an all-grease vehicle for the application of 
sulfathiazole, while occasionally-moderately effective in superficial 
pyodermas, has a slow and inefficient action when compared with 
either an emulsion or stearate type base. The following case is 
illustrative: 

Case 2.— R. B.‘, a white male, aged 5, presented a widespread severe 
pyoderma with 'superficial pustular, bullous, and ecthymatous lesions dis- 
tributed on the scalp, face, back, arms, 3nd thighs. The initial lesion had 
been noted on the face 1 week previously, and the extension to other parts 
of the body had been rapid, with chills and fever for 2 days. Ammoniated 
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or heavily predominant culture of the corresponding bacterium, 
always of hemolytic type. Under “mixed” infections are grouped 
those cases in which a large number of strains were obtained, with- 
out one clearly predominating. The strains included Strep, viridam, 
indifferent streptococci (short chain, non-hemolytic), Staph, aureus 
and albius, micrococci, sareina lutea, and diphtheroids. It will be 
noted that when hemolytic streptococci were recovered as the pre- 
dominant organism, some clinical improvement was always noted 
following sulfathiazole therapy. In cases in which hemolytic 


Number of 
Cases 
/so -r 


Number 

improved 



Total 
number 
of cases 



Hemolytic 

strep. 


Staph. "Mixed" 


No 

culture 


Fig, 6. — Results of bacteriologic culture in 119 cases. (The number of cases show- 
ing a satisfactory improvement of over 50% is indicated in black.) 


staphylococci were recovered in pure or predominant culture, the 
clinical results were less striking, particularly in the group of chronic 
eczematoid dermatoses with evidence of infection. In the cases 
showing “mixed” cultures the results were likewise not as good as 
when streptococci were predominant. 

The findings in the cases previously resistant to other types of 
therapy seem instructive (Fig. 7). These were principally patients 
with dermatoses of Groups II, III or IY, and the prolonged previous 
treatment included variously potassium permanganate soaks, am- 
moniated mercury ointment, CastellanPs carbolfuchsin paint, gen- 
tian violet, aeriflavine and Roentgen ray therapy. In such patients, 
when hemolytic streptococci were the sole or predominant organ- 
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Absorption of Sulfathiazole, Local and General Evidence of Toxicity. 
In most of the patients in whom a sulfathiazole ointment was used, 
the total amount of sulfathiazole applied to the skin was so small 
as to make the possibility of absorption of significant amounts 
unlikely. For instance, in the usual case of impetigo, not more than 
30 gm. of the ointment were required daily, a total of 1.5 gm. of 
sulfathiazole. The largest amount required was in a patient with 
a generalized dermatitis from which hemolytic streptococci were 
repeatedly isolated, when 120 gm. of the ointment were required 
daily, a total of 6 gm. of sulfathiazole. In no patient were there 
any symptoms or signs indicative of sulfathiazole toxicity. In 
40 patients under treatment with varying amounts of sulfathiazole 
ointment, determination of the blood sulfathiazole level was done 
according to the method of Sunderman and D. S. Pepper. 19 In no 
patient was any sulfathiazole detectable in the blood . * In 4 patients 
experimental introduction of sulfathiazole through the skin was 
attempted by the application of ISO gm. of the emulsion daily 
(9 gm. sulfathiazole). In 1 of these patients, in whom there were 
very large areas of dermatitis, a “barely detectable” trace of sulfa- 
thiazole (under 0.05 mg. per 100 cc.) was found in 2 of 12 determina- 
tions performed; in the rest no sulfathiazole was detectable.! 

We have seen no indication that sulfathiazole ointment applied 
to one area of the body has any effect on lesions at another site, i. e., 
that applied sulfathiazole acts by absorption into the blood stream. 
Its effects are purely local, at least in superficial dermatologic lesions. 
In interpreting this finding it should be kept in mind that there are 
included no patients in whom very large ulcers were packed with 
considerable amounts of sulfathiazole ointment. Under such con- 
ditions some absorption of sulfathiazole might be expected, but 
probably of an order less than would be the case with more soluble 
sulfonamide compounds. In our experience with superficial derma- 
tologic lesions, local sulfathiazole therapy applied in all-grease, 
stearate or emulsion ointments is entirely free from any general 
reaction attributable to the sulfathiazole. 

In a few patients with chronic eczematoid eruptions, flare-ups 
have been noted in conjunction with the use of sulfathiazole oint- 
ment, particularly when the stearate type base was used. In no 
patient was there any indication that the sulfathiazole per se was 
responsible, and no exacerbation was noted in a patient with a der- 
matosis primarily due to infection. The emulsion and stearate 
bases contain certain possible contact sensitizing agents, including 
particularly sodium lauryl sulphate and glycerine, but a considerable 
previous experience of two of us (D. M. P. and C. S. L.) with the 
various ingredients of these bases had not indicated that their sen- 
sitizing capacity is significantly high. Ordinary ammoniated mer- 
cury ointment, even in strengths of 1 %, has a far higher sensitizing 

* The blotxl sulfathiazole determinations were done by Dr. F. W. Sunderman. 

t This portion of the study was carried out by Dr. Elizabeth R. Constant. 
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mercury ointment had been applied for 2 days prior to admission, without 
effect. Between July 9 and 16, 1941, a 5% ointment of sulfathiazole in 
petrolatum and anhydrous lanolin was applied three times daily. Slight 
improvement occurred, though new lesions developed. Treatment was 
then changed to 5% sulfathiazole in an emulsion type base, and complete 
healing of all lesions occurred in 2 days. 

In general, stearate “vanishing” bases have produced a more 
satisfactory effect than did various grease bases. At times, im- 
provement following application of this type of base was as rapid 
as with the emulsion base. However, two disadvantageous features 
were noted, one being that the vanishing ointment tended to dry 
more rapidly, and the other that patients frequently complained 
that the stearate base was less soothing. 

Our experience with the pectin type base is limited. We detected 
no advantage therapeutically, and such an ointment tended to flake 
off rapidly. 

In summarizing the effectiveness of the various bases as a means 
of. producing a satisfactory therapeutic action of sulfathiazole on 
superficial dermatologic infections, the following rather arbitrary 
method of expression might be used. If the emulsion type base is 
regarded as, say, 90% efficient, we would place the effectiveness of 
the stearate type base at approximately 70%, and the grease base 
as 50% or less. These are pure estimates, rapidity of action on the 
infection being the first criterion, but with consideration of other 
factors such as the frequency of application necessary, the subjective 
sensations of the patient following its use, washability, and apparent 
penetration under crusts and debris to the site of infection. 

Bacteriologic Findings in Treated Patients. In patients in whom 
the skin lesions did not heal within a few days, bacteriologic culture 
was done at weekly intervals. When large numbers of indifferent 
streptococci or Strep, virulans were found (11 cases), disappearance 
of these bacteria was noted within 2 weeks. In 23 cases in which 
hemolytic streptococci were predominant,, in only 1 did the strep- 
tococci persist in hemolytic form. In 8 cases the streptococci dis- 
appeared entirely within 2 weeks. In 9 cases the organisms became 
indifferent (non-hemolytic, short chain) within 2 weeks, and dis- 
appeared entirely within 1 month. In the rest of these cases the 
streptococci became indifferent in varying periods of time and then 
disappeared, with the exception of the above noted case. In chronic 
eczematoid lesions, disappearance of streptococci was not always 
accompanied by clinical improvement. Hemolytic Staph, aureus 
persisted apparently unchanged in 90% of patients in whom it was 
the predominant organism recovered. In a few cases the staphylo- 
cocci were apparently replaced by micrococci. 

In general, Strep . hemolyiicus tended to become indifferent in 
type and then disappear in lesions treated with sulfathiazole oint- 
ment. Strep, viridans and indifferent streptococci tended to disap- 
pear promptly. Staph, aureus hemolyiicus tended to persist in 
treated lesions, regardless of the clinical course of the process. 
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THE CAUSATIVE RELATIONSHIP OF DERMATOPHYTOSIS TO 
THROMBOANGIITIS OBLITERANS. 

By Meyer Naide, M.D., 

INSTRUCTOR IN MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 

(From the Peripheral Vascular Section of the Edward B. Robinette Foundation, 
Hospital of the University of Pennsylvania.) 

The cause of thromboangiitis obliterans is unknown. Ergot , 10 
tobacco , 8 typhus , 7 streptococci, 10 - and hormonal disturbances 12 have 
been proposed as etiologic agents but have not been accepted, as 
they could not adequately explain the entire syndrome. 

In this Peripheral Vascular Clinic, studies in thromboangiitis 
obliterans revealing a higher incidence of dermatophytosis and a 
more frequent reaction to trichophytin than in controls were fol- 
lowed in 1939 by the observation of patients. with thromboangiitis 
obliterans in whom acute dermatophytosis- immediately preceded 
attacks of acute migratory phlebitis. 

Dermatophytosis is present in many 'patients, with peripheral 
arterial disease, but it has always been looked upon merely as a 
complication which must be treated' to avoid, ulceration and- gan- 
grene. As the possibility was kept in- mind; that dermatophytosis 
might stand in causative relationship-to thromboangiitis obliterans, 
certain clinical features of thromboangiitis obliterans appeared to 
be clarified which could not otherwise be explained. Such is the 
relapsing nature of thromboangiitis obliterans; the limitation of the 
lesions, in 95% of patients with thromboangiitis obliterans, to the 
blood-vessels of the legs and arms and the distorted toe nails which 
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capacity on the skin that any of the substances used in these studies. 

In resistant dermatoses, local sulfathiazole therapy has been 
combined with other types of therapy, including ammoniated mer- 
cury ointment, carbol-fuchsin paint, tar ointment, Roentgen ray 
and ultraviolet therapy, acriflavine and potassium permanganate 
compresses, and quinolor ointment. There was no indication of 
incompatibility insofar as the therapeutic results were concerned. 
We have treated a few patients recently with an ointment containing 
5% of sulfathiazole and of sulfanilamide, with no evidence of incom- 
patibility, but also without demonstrating any marked advantage 
in such a combination. 

Conclusions. 1. Sulfathiazole in an oil-in- water emulsion vehicle 
is effective in the treatment of primary superficial infections of the 
skin, including staphylococcic or streptococcic impetigo, infectious 
eczematoid dermatitis, Bockhardt’s follicular impetigo, and super- 
ficial ecthyma. 

2. It is equally effective in acute secondary infection of various 
preexistent dermatoses, including particularly pyogenic complica- 
tions of fungous infections and of dermatitis venenata. 

3. Certain criteria for the effective local application of sulfathia- 
zole have been established, and an oil-in-water emulsion vehicle, in 
which the sulfathiazole is suspended in the external aqueous phase, 
has apparently met these requirements satisfactorily. A vanishing 
type stearate base was somewhat less effective than the emulsion 
type base. Grease bases proved definitely inefficient. 

4. Sulfathiazole ointment is useful in chronic deep ulcers of the 
skin and subcutaneous tissues. 

5. In various chronic eczematoid lesions, from which large num- 
bers of staphylococci or streptococci may be recovered, the effects 
of sulfathiazole ointment are much less striking than in impetigo, 
but such treatment is occasionally very helpful. 

6. There was no evidence of absorption of sulfathiazole in the 
patients treated, and no local or general toxic reactions. 

7. Superficial infections from which streptococci were recovered 
responded somewhat more rapidly and completely than those yield- 
ing staphylococci 6n culture. 

Since this - paper was written we have encountered one instance of cutaneous 
sensitivity to sulfathiazole. In a recent paper, Keeney et al* report good results in 
00 patients with cutaneous infections treated with 5% sulfathiazole in a base con- 
taining equal parts of hydrous wool fat and vanishing cream. In 6 of 8 eczematous 
infants in which sulfathiazole ointment (amount not stated) was applied to one-half 
of the body, they found sulfathiazole to be detectable in the blood in concentrations 
of from 2 to 3.5 mg. per 100 cc. They observed no absorption in adults. In a study 
of sulfathiazole absorption through the skin of infants and children, now in progress, 
Jaquette and one of us (D. M. P.) have been unable to demonstrate significant blood 
levels of sulfathiazole in 10 normal infants weighing from 7\ to 26 pounds following 
application of 30 gm. of sulfathiazole ointment daily, and in 5 children weighing 
between 26 and 41 pounds, following application of 60 gm. of ointment (3 gm. sulfa- 
thiazole). 

* Keeney, E. L., Pembroke, It. H., Chatard, F. E., and Ziegler, J. M.: J. Am. 
Med. Ae3n., 117, 1415, 1941. 
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microscopically, upon injection of 0.1 cc. trichophytin into the left 
forearm, developed erythema and induration of most of the forearm 
within 48 hours, with a vesicle 2 cm. in diameter at the site of 
injection. 



Migratory Phlebitis and Dennatoyh ytosis. Ten of the patients 
were observed during attacks of migrator}’ phlebitis, characteristic 
acute lesion of thromboangiitis obliterans. Seven of these had an 
exacerbation of dermatophytosis preceding the , attack of phlebitis, 
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were formerly attributed to ischemia, but which yield fungi on 
culture. 

It should be emphasized that fungi are the one group of patho- 
genic organisms which are present in the same regions involved by 
thromboangiitis obliterans and that no investigation has been made 
as to whether they could or could not produce this vascular disease. 
As little is known of the relation of fungous diseases to other processes 
and with clinical observations suggesting that the migratory phle- 
bitis and arteritis in some patients with thromboangiitis obliterans 
is preceded by a flare-up of dermatophytosis, it was thought worth 
while to investigate the possibility of this causative relationship. 
With the exception of a report by Thompson, 17 who also believes in 
this theory, nothing has been published on this subject. 

Dissemination through the blood stream of dermatophytosis, an 
infection of the skin by fungi such as Trichophyton, Epidermophy- 
ton or Monilia, frequently results in the production of secondary 
lesions which have been called “ dermatophy tids ” or “moniliids.” 
Evidence 13 ’ 19 points to sensitization of the skin to the fungi or their 
products as a cause for these lesions. 

Incidence of Dermatophytosis in Thromboangiitis Obliterans. 
Thirty patients with thromboangiitis obliterans were examined for 
evidence of dermatophytosis (Fig. 1). Twenty-eight (93%) had 
dermatophytosis clinically, severe in 20. Of 30 controls, men 
between the ages of 20 and 50 without thromboangiitis obliterans, 
22 (73%) had dermatophytosis clinically, severe in 9. Vesicles, 
extensive scaling, fissures and involvement of nails were definitely 
more common among patients with thromboangiitis obliterans than 
among the controls. On microscopic examination fungi were found 
in 5 to 12 patients with thromboangiitis obliterans. This is the 
approximate proportion usually obtained in patients with dermato- 
phytosis. 

Skin Tests With Extracts of Fungi. The work of Lewis and 
Hopper 11 indicates that a positive trichophytin test is indicative of 
present or past infection by fungi. Skin tests were made with 
trichophytin* 1:30 in 30 patients with thromboangiitis obliterans. 
After 48 hours 24 patients (80 %) were positive to trichophytin (see 
Fig. 2) . The 2 patients with thromboangiitis obliterans who showed 
no evidence of dermatophytosis were positive to trichophytin. Of 
the 30 controls, men between the ages of 20 and 50, without thrombo- 
angiitis obliterans, 6 (20%) were positive to trichophytin. Of the 
8 controls without clinical evidence of dermatophytosis, none gave 
a positive reaction to trichophytin. It can be seen from Figure 2 
that there were four times as many patients with thromboangiitis 
obliterans who gave positive skin reactions than those without 
thromboangiitis obliterans.' .-One patient (J. H.), with thrombo- 
angiitis obliterans with slight dermatophytosis,. positive for fungus 
* Fungus extract made from Trichophyton Tnterdiyitale (Lederle) . 
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J. C., a man of 33, was seen in August, 1939, with a popliteal occlusion 
and dermatophytosis, the latter being too mild to warrant treatment. In 
October he returned with a history' of severe itching between the toes 
which had developed 3 weeks previously. Two weeks after the appear- 
ance of the itching he noticed red, tender areas along the veins of the right 
leg. On examination he had a severe, moist type of dermatophytosis 
between the toes in the involved leg with five areas of acute migrator}' 
phlebitis. In the other leg, which had no arterial disease or phlebitis, the 
dermatophytosis was slight and dry. A skin test with trichophytin which 
had been done in August was strongly positive. 

T. C., a man of 40, was seen first in 1936 with a history' of having had 
dermatophytosis for years. In 1933 he began to have attacks of migratory 
phlebitis and developed intermittent claudication. He observed that the 
migratory' phlebitis flared up whenever the dermatophytosis became severe. 
He made wooden shoes so that he could continue taking showers in the 
plant where he worked without making his dermatophytosis worse. This 
occurred before he was seen at the University Hospital in 1936. On exam- 
ination he had occlusion of both popliteal and both ulnar arteries. From 
1936 to 1939 he had no exacerbation of his dermatophytosis and no migra- 
tory' phlebitis. In March, 1939, he developed migratory phlebitis on his 
hands and in August, 1939, in his right leg and right index finger. Micro- 
scopic examination of scrapings from his nails was positive for fungi. 

B. T., a man of 56, had a history of thromboangiitis obliterans for the 
past 15 years. He had no pulses in either femoral artery. On examination 
in May, 1940, he had a quiet dermatophytosis between the toes and of the 
nails. In June, 1940, the dermatophytosis became acute and remained so 
for about a mouth. In July he came in with acute migratory phlebitis on 
the dorsum of the foot. 

Similarity in the Locations of Inflammatory Lesions of Thrombo- 
angiitis Obliterans and Dermatophytosis. Since the fungi which 
cause dermatophytosis arc found in the toes and feet and dermato- 
phytids in the hands, it was thought important to study the location 
of migratory phlebitis and acute arteritis, the primary lesions of 
thromboangiitis obliterans (Fig. 3). In 42 patients with thrombo- 
angiitis obliterans, migratory' phlebitis occurred 30 times in the foot 
and ankle, 12 in the leg, 5 in the thigh, 11 in the hand and wrist 
and 4 in the forearm. The frequency with which migratory' phle- 
bitis begins in the feet is worthy of comment as other forms of 
phlebitis occur more frequently in the legs and thighs. That acute 
arteritis of thromboangiitis obliterans seems to have a similar 
peripheral distribution at the onset of the disease is shown by r the 
pathologic studies of Buerger. 5 In a typical case the older process 
is found in the distal portion of the artery, the more recent inflam- 
matory process being found at a higher level. It will be remem- 
bered, however, that thromboangiitis obliterans has been reported 
in parts of the body other than the extremities in about 5% of the 
patients. 3 Systemic manifestations in dermatophytosis are rare but 
do occur (Pulvermacher, 15 Bloch, 1 and Bruusgaard 4 ). 

In thromboangiitis obliterans and dermatophytosis the hands are 
often involved as well as the feet. In a group of So patients with 
thromboangiitis obliterans 40% with involvement of the feet had 
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and on examination all 7 had severe dermatophytosis. The possi- 
bility exists that ischemia may have predisposed to dermatophytosis, 
but there is no evidence to indicate that ischemia favors the develop- 
ment of the fungus disease. Furthermore dermatophytosis and 


fl 



migratory phlebitis are present in many patients before arterial 
occlusion and ischemia appear. 

The time relationship between dermatophytosis and the appear- 
ance of migratory phlebitis is illustrated by the following cases: 
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Buerger, 3 most of his patients with thromboangiitis obliterans came. 
Also, many dermatologists believe that following the war there was 
a great increase in dermatophvtosis in this country. This, they 
attribute to the return of thousands of soldiers with ringworm infec- 
tion. That this increase of dermatophytosis is more than can be 



Fig. 4. — Fungous infection of toe nails in patient, male, age 42, with thromboangiitis 
obliterans. Culture of scrapings from nails positive for Trichophyton gypscum. Skin 
test with trirhophytin positive (see Fig. 5). 



Fio. 5. — Positivo skin test in same patient as in Figure 4. 
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the disease also in the upper extremities. Estimates of the per- 
centage of dermatophytids of the hands in patients with acute 
dermatophytosis range from 3% by Shelmire 6 to 50% by Loveman. 6 

Age Incidence. In both diseases the great majority of patients 
fall between the ages of 20 and 50 (White 18 and Williams 20 ). 



>*•% 


Distribution of migra- 
tory phlebitis in 42 
patients with throm- 
boangiitis obliterans. 


Relapse. The relapsing nature of thromboangiitis obliterans is 
well recognized and accounts for the progression of the disease in 
many patients. More than one attack of migratory phlebitis or 
arteritis occurs in almost all patients. Dermatophytosis likewise is 
a stubborn disease and repeated attacks are the rule. Complete 
cure is difficult and reinfection is common. 

The Nails in Thromboangiitis Obliterans. Dystrophy of the nails is 
mentioned as characteristic of thromboangiitis obliterans (Buerger 5 
and Brown, Allen and Mahorner 3 ). Examination of a number of 
patients with thromboangiitis obliterans with deformed, overgrown 
nails disclosed that these nails do not differ from similar nails seen 
in patients without vascular disease but with fungous disease of the 
nails. Cultures of fungi were obtained from the nails of the patient 
in Figure 4. 

Epidemiology of Dermatophytosis and Increase in Incidence of 
Thromboangiitis Obliterans. In 1921 Anderson 1 reported that be- 
tween 1914 and 1921 the great majority of severe ringworm infec- 
tions in immigrants occurred among those coming from the countries- 
of southeastern Europe, the same region from which, according to 
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Comment. With the single exception of ergot, which is known 
to cause vascular disease, the role played by fungi in the possible 
production of thromboangiitis obliterans has never been explored. 
Ergot has been suggested as a possible cause of thromboangiitis 
obliterans, but few patients give a history of contact with ergot. 
On the other hand, most patients with thromboangiitis obliterans 
harbor the fungi which cause dermatophytosis. These fungi have 
never been regarded as etiologic or precipitating factors in thrombo- 
angiitis obliterans. Phlebitis has been attributed to dermatophy- 
tosis in a number of reports (Peck 14 and Pulvermacher 15 ). In 
1 patient with generalized trichophytid, 15 the phlebitis was thought 
to have had an allergic basis. In a review of fungous allergy, Peck 14 
gives a classification of trichophytids. Among these is a group 
which he designates “ vascular trichpphytids ” which includes what 
he terms migrating phlebitis. It is reasonable to believe that in. an 
occasional patient the blood-vessels may act as the “shock tissue” 
for a reaction to fungi. It is Thompson’s 17 belief also that vessels 
and other tissues may succumb to the products of fungi by means 
of an allergic reaction. 

In seeking a possible relationship between dermatophytosis and 
thromboangiitis obliterans, one need not necessarily have the con- 
cept that the fungi are the sole cause of the vascular disease. It 
may be that fungi, being concentrated in the- blood-vessels of the. 
extremities, act on these vessels in such a manner that other agents 
such as tobacco or streptococci'! may bring on an inflammatory 
reaction. Another possibility istthat fungi may precipitate or in- 
tensify an inflammatory reaction in blood-vessels previously acted 
upon by other agents such as tobacco or bacteria. It is not unlikely 
that more than one agent may cause the inflammatory reaction, 
which has been labeled thromboangjjtis; obliterans. The combina- 1 
tion of the greater frequency, of dermatophytosis with the more 
common use of tobacco in men, with the two factors acting to inten- 
sify each other, suggests an explanation for the greater frequency of 
thromboangiitis obliterans in men. 

The prognosis in thromboangiitis obliterans has improved greatly 
in the past decade. During this period dermatophytosis in these 
patients has been treated as part of the usual therapeutic regimen 
because of the fear that the skin disease would open an avenue to 
infection and gangrene. The improved prognosis is, to be sure, 
due to many advances in our knowledge of thromboangiitis obliter- 
ans and its treatment. However, the incidental treatment of the 
dermatophytosis may well have been a factor. 

Summary. A study has been made of patients with thromboangi- 
itis obliterans with regard to the possibility that the disease may 
be caused or precipitated by fungi which cause dermatophytosis. 
While tividence has been presented suggesting an etiologic relation- 
ship between the two diseases, it is insufficient, at present, to be 
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accounted for by increased knowledge of the disease is suggested 
by White. 18 Concurrently with this increased incidence of der- 
matophytosis there has apparently been an increase in thrombo- 
angiitis obliterans. At this hospital from 1910 to 1919 there were 
18 patients with thromboangiitis obliterans, from 1920 to 1929 
there were 32 patients and between 1930 and 1939 the number of 
patients had risen to 114. 

Statistics indicate that dermatophytosis is as common among 
negroes as in the white race. The largest number of cases of throm- 
boangiitis obliterans among negroes in the literature is the 5 reported 
by Yater, 21 but why this disease is less frequently encountered in 
that race is not known. 



Fig. 6. — Dermatophytosis between, toes in patient, male, age 44, with thrombo- 
angiitis obliterans. Cultuie positive for fungus. Positive skin test with tiicho- 
phytin. 


Thromboangiitis obliterans occurs predominantly in men (97%). 
According to Lewis and Hopper 11 ringworm of the feet and hands is 
seen more frequently in males than in females. Yet many women 
have dermatophytosis and if fungi are the cause or precipitating 
factor in thromboangiitis obliterans, one would expect to find more 
female patients with the latter disease. A possible explanation of 
the apparent discrepancy is furnished by Thompson 17 who has 
stated that certain cases of phlebitis and the ensuing complications 
may be the counterpart in women of thromboangiitis obliterans 
in men. 
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depletion of vitamins A and C in tuberculosis. We have been work- 
ing with the latter group and have reported in an earlier paper 
that vitamin A is utilized at an accelerated rate and that this rate 
of destruction seems to parallel the extent of the tuberculous 
process. 3 Harris and Harter have also found profound vitamin A 
deficiency in tuberculosis. 10 Almost universally workers have found 
a marked deficiency of ascorbic acid, and some have stated that 
this deficiency parallels the extent of the disease. 1 - 11 The work 
reported here attempts to bring new light on the relation of tuber- 
culosis to these two vitamins. It is based on blood tests made on 
a population of very different character from the Wisconsin popula- 
tion that we studied with the biophotometer. 3 

Selection of Subjects. Most of the subjects were patients attend- 
ing the chest clinic of this institute for the first time. More than 
twice as many negroes as white people were tested; persons of 
Italian descent were the largest nationality group among the white 
patients. One-half of the negroes and one-third of the white people 
were dependent upon public assistance for their living. Many of 
the subjects had no breakfast before reporting at the clinic; and 
those that did have breakfast had little or no citrus fruit. The 
effect of breakfast on the ascorbic acid plasma level will be discussed 
later. Data on the first 100 subjects were accumulated by testing 
the first 5 new patients each day. Later laboratory facilities were 
improved so that all new patients were tested as they presented 
themselves. Although this work was done during two periods 
(April-May, and September-October 1940), we found there was no 
difference between the first 100 tested and the rest; so all data were 
pooled. In short, our population group comes from the economically 
underprivileged areas of Philadelphia where malnutrition in adults 
as well as children is most apt to occur. Both malnutrition and 
tuberculosis have a known high incidence in these areas. 

Methods. Blood was drawn usually between 10 and 11 a.m. by veni- 
puncture into syringes well oiled with heavy mineral oil to reduce the 
possibilities of hemolysis and aeration. It was transferred immediately to 
a specially made 25 cc. ground glass-stoppered centrifuge tube which con- 
tained a drop each of 30% potassium oxalate and 5% potassium cyanide 
for each 5 cc. of blood drawn. The sample was centrifuged immediately; 
plasma was collected and the 4 cc. portion used for the ascorbic acid test 
was deproteinized at once. The vitamin A and carotene in the plasma 
were determined by the Ivimble modification of the Dann and Evelyn 
method 130 which employs the Carr-Price reaction and the photo-electric 
colorimeter. Ascorbic acid was determined by reduction of 2,6 dichloro- 
phenolindophenol with metaphosphoric acid plasma filtrates in the Evelyn 
photo-electric colorimeter. The procedure used was essentially that devel- 
oped by Ivimble and Barbour 134 at the Wisconsin General Hospital, which 
combines features of the techniques of Mindlin and Butler" and Evelyn, 
Mallory and Rosen. 3 Erythrocyte sedimentation rate was determined by 
the method of Cutler. 5 

Results of Vitamin A Tests on Blood Plasma. A. Staff Member s. 

A group of 15 staff members composed of technicians, nurses and 
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conclusive. Nevertheless, certain clinical features of thrombo- 
angiitis obliterans are more readily accounted for on the basis of 
fungous infection than by other etiologic agents thus far proposed. 
It therefore seems of primary importance to look for and to treat 
persistently any evidence of dermatophytosis in the patient with 
thromboangiitis obliterans. 
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VITAMIN A AND ASCORBIC ACID IN PULMONARY 
TUBERCULOSIS. 

Determination in Plasma by the Photoelectric Colorimeter. * 
> By Horace B. Getz, M.D., 

INSTRUCTOR IN MEDICINE, HENRY PHIPPS INSTITUTE, 

^ AND 

Theodore A. Koerner, M.A., 

„ TECHNICAL ASSISTANT, HENRY, .PHIPPS INSTITUTE, 

PHILADELPHIA, PA, 

(From the Henry Phipps Institute, University of Pennsylvania.) 

Malnutrition is a constitutional factor that affects resistance 
to tuberculosis . 4 ' 6 Since new objective methods are expanding our 
knowledge of nutrition rapidly, this field promises much aid in the 
study of resistance and susceptibility in tuberculosis. The nutritive 
status is one of many factors which make for resistance or suscep- 
tibility. It seems evident, too, that tuberculosis interferes with 
the normal nutritional balance of the individual. The effect of the 
disease on the needs for specific nutritive constituents such as 
minerals, proteins, fats, carbohydrates and vitamins, is being 
investigated. Of especial interest to us has been the finding of 

* Aided by a grant from the Johnmnd Mary R. Markle Foundation. 
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B. N on-tuberculous Patients. The results of testing the plasma 
vitamin A of the non-tuberculous patients as plotted in Figure 1, 
show a wider range than the staff group. This is to be expected, as 
these patients have dietary customs which range from the equivalent 
of the staff members’ diets to the starvation diets of those in abject 
poverty. The fact that most of these patients are very poor prob- 
ably explains the concentration of the observed readings in the 
borderline and pathologically deficient levels. Two very high 
values were observed. One of these may be accounted for by sup- 
plementary vitamin intake. The non-tuberculous patients represent 



Fig. 1 . — Plasma vitamin A observations on staff members, non-tuberculous and 
tuberculous patients at time of diagnosis. Noto that no staff member is pathologi- 
cally deficient while all but one of the far advanced patients are pathologically defi- 
cient. Black arrows indicate deaths. 


all the patients coming to the clinic who did not have tuberculosis. 
Fifteen per cent had common colds and 35% had other upper 
respiratory infections. A large portion (27 %) of the ndn-tuberculous 
patients had no known disease and were admitted to the clinic 
because of recent exposure to an active ease of tuberculosis. Table 
2 shows that the females of both races had the higher percentage 
of individuals with normal plasma levels and that they also had 
the higher percentage with pathologic levels. In Table 2, we 
believe the race difference in the percentage of patients in the 
pathologic level is important, as more than twice as many non- 
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physicians was tested as a normal control group to compare with 
all the patients. The economic status of the staff group was mark- 
edly different from the patients and supposedly all were eating 
complete diets except one who had an aversion to oranges but was 
eating an otherwise good diet. Both white people and negroes were 
represented. The individual observations are plotted in Figure 1. 
The range of the plasma level of vitamin A was classified in 3 groups 
as follows: 

Pi.asma Levels of Vitamin A in International Units ter 100 Cc. 


Pathologically 

Sex. Normal. Borderline. deficient. 

Male 110 and above 85-100 Below 85 


Female 95 and above 75-95 Below 75 

The lower level of normal shown for the females takes into account 
the sex difference in the plasma as described by Kimble 13 ® and 
Scalongne. 17 These levels are empiric and undoubtedly will be 
changed to eliminate the borderline level, when sufficient work has 
been done to evaluate correct!}' the various blood levels. These 3 
levels were chosen by us after careful consideration of our own data, 
and after consulting Dr. M. S. Kimble, Wisconsin General Hospital, 
who has had an experience of over 1000 tests. Some standard is 
needed to judge the degrees of depletion and to serve as a guide to 
those attempting to determine optimum nutrition. 

In Tables 1 and 2 are listed the per cents of the staff members in 
each of the 3 plasma levels of vitamin A. None was pathologically 
deficient and only a few were in the borderline group. Since prac- 
tically all of the staff members are in the normal group, we believe 
that our standards for vitamin A have been well chosen. The 
individual observations are plotted in Figure 1 (see Tables 1 and 2). 

Table 1. — Distribution of White and Negro Patients on the Basis of Blood 

Levels of Vitamin A. 


Patient group. 

No. of 
patients. 

Normal 

%. 

Borderline, 

%. 

Patho- 

logically 

deficient, 

%• 

White: 

Non-tuberculous .... 

. 36 

61.1 

27.8 

11.1 

Tuberculous just diagnosed 

6 

16.6 

33.3 

50.0 

Tuberculous under treatment 

. 13 

38.5 

23.1 

38.5 

Negro: 

Non-tuberculous .... 

. 92 

34.8 

38.1 

27.2 

Tuberculous just diagnosed 

. 23 

8.7 

4.4 

87.0 

Tuberculous under treatment 

. 15 

13.3 

13.3 

73.3 

Staff members (both races) . 

. 15 

73.3 

26.7 

0.0 


Table 2. — Distribution of Non-tuberculous Patients on the Basis of Blood 
Levels of Vitamin A and Race and Sex. 

Patho- 

logically 

No. of Normal, Borderline, deficient, 
Non-tuberculous patient groups. patients. %. %. %. 


White male 15 53.4 39.9 6.7 

White female 21 66.7 19.0 14.3 

Negro male 40 25.0 50.0 25.0 

Negro female 52 42.3 28.9 2S.9 


Staff members (both races and sexes) 15 73.3 26.7 0.0 
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patients in the normal plasma level from 28.6% for the minimal to 
0% in the far advanced tuberculous group, and the corresponding 
rise in the percentage of patients found pathologically deficient in 
vitamin A from 57.2% to 100%, shows a parallelism between vitamin 
A deficiency and the extent of tuberculous involvement. This 
verifies our earlier observation with the biophotometer. 2 * * * * * * 9 This 
same relationship of relative vitamin A depletion and stage of 
tuberculosis was observed -when the data from the first 100 subjects 
were analyzed, and when we had tested approximately one-half the 
number of tuberculous patients. Two patients with far advanced, 



2 with moderately advanced and 1 patient with minimal tuberculosis 

died in the first 3 months after diagnosis. Plasma observations on 

these 5 patients are marked with arrows in the figures. The two 
with far advanced tuberculosis that died had the next to the lowest 

values of plasma vitamin A. The patient with the lowest value in 

the far advanced group is still alive but critically ill in a hospital. 

The patient with the lowest value in the moderately advanced 

group is dead, as is the youngest patient, who had the fourth lowest 

value in the group. The youngest patient in the minimal group, 
with the third lowest plasma level of that group, is also dead. All 5 
of these tuberculous patients had plasma levels of vitamin A beloic 
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tuberculous .negroes (27.2%) were deficient as were white patients 
(11.1%). Comparing the non-tuberculous groups, 73% of the 
staff members, 61% of the white non-tuberculous patients, and 
35% of the negro non-tuberculous patients, had normal plasma 
levels of vitamin A. This corresponds with the incidence of tubercu- 
losis in these groups. The patients in the non-tuberculous group 
are the same in every other respect as the two tuberculous groups, 
since they are friends, relatives and neighbors of the patients and 
they constitute the reservoir in which tuberculosis develops. One 
of the non-tuberculous patients has developed a tuberculous process 
since the study began. No age difference in the plasma level of 
vitamin A was observed even when the data were plotted in other 
ways. If there is an age difference, it is slight and other forces in 
our population group are more powerful in determining the plasma 
level of vitamin A. 

C. Tuberculous Patients Just Diagnosed. During our study, 29 
patients entered the chest clinic for the first time and were diagnosed 
tuberculous and tested by us on the same day. These patients had 
had no therapy for tuberculosis, as their disease was previously 
unrecognized. Only 6 of these 29 patients were of the white race. 
The plasma levels of vitamin A of these patients are plotted in the 
3 divisions of the extent of tuberculous involvement in Figure 1. 
In Table 1, the percentages of these patients falling into the 3 plasma 
levels reveal a marked drop in the number of individuals with normal 
plasma levels, viz., to 16.6% for the white and 8.7% for the negro 
race. This appears to be significant and shows a wide departure 
from even the low level of nutrition of the non-tuberculous group. 
There is a corresponding increase in the percentage of patients with 
pathologically low levels of plasma vitamin A; for the negroes it is 
87.0% and for the white race it is 50.0%. This lowered vitamin A 
level means either: 1, disturbed physiologic processes, which may 
account for the lowered resistance of our tuberculous patients, 
especially the negroes; or 2, mere depletion of body stores with no 
other disturbance. The greater depletion of the negro patients is 
partly or perhaps wholly due to the smaller amounts present in the 
body before the disease is contracted. 


Table 3.— Distribution of Tuberculous Patients on the Basis of Blood 
Levels of Vitamin A and Stage and Treatment of Tuberculosis. 


Just 

diagnosed 


Under 
treatment 


In Table 3 are listed the percentages of patients in each plasn 
level for each stage of tuberculosis. The drop in the percentage 


No. of 

patient group. patients. 

Normal, 

%■ 

Borderline, 

%• 

Patho- 

logically 

deficient, 

%. 

f Minimal .... 

7 

28.6 

14.3 

57.2 

j Moderately advanced 

9 

11.1 

22.3 

66.6 

I Far advanced 

13 

0.0 

0.0 

100.0 

j Minimal .... 

4 

50.0 

25.0 

25.0 

j Moderately advanced 

8 

12.5 

25.0 

62.5 

(Far advanced 

1G 

6.3 

31.2 

62.5 
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Fig. 3.— The relation between plasma vitamin A and per cent standard weight 

for all subjects. 



J.'iu. 1. — Plasma vitamin C observations on staff members, non-tuberculous and 
tuberculous patients at time of diagnosis. 
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70 I.U. per 100 cc. and died in 3 months. This strongly suggests 
that profound hypovitaminosis A in the tuberculous patient makes 
the prognosis worse. 

D. Patient s Receiving Treatment for Tuberculosis. The plasma 
level of vitamin A was determined for 28 patients receiving home 
bed rest. Most of these patients were receiving pneumothorax 
treatment in addition. No concerted effort with vitamin therapy 
was carried out; only 4 of these patients were taking cod liver oil, 
which was not given in sufficient amounts to raise their plasma levels 
to normal. ' The observations are plotted in Figure 2; Tables 1 and 
3 give the percentages of patients in each of the plasma levels. Of 
these 28 patients 13 were of the white race. The percentages in 
the tables show that the patients under treatment have higher 
plasma levels than the just diagnosed patients. In Table 4 the 
same relationship of relative depletion that was observed with the 
just diagnosed group of tuberculous patients is preserved; namely, 
the percentage of pathologically deficient patients was greatest in 
the far advanced group and least in the minimal group. The racial 
handicap still exists for the negroes, as less than one-half as many 
have normal plasma levels as the white race. There have been no 
deaths in this group of patients while under observation. 


Table 4.— -Distribution op White and Negro Patients on the Basis of Blood 
Levels of Ascorbic Acid According to Sex and Treatment 


Patient group. 

While: 

Non-tuberculous .... 

Tuberculous just diagnosed . 

Tuberculous under treatment 
Negro: 

Non-tuberculous . 
Tuberculous just diagnosed . 
Tuberculous under treatment 


of Tuberculosis. 

Patho- 


No. of 
patients. 

Normal, 

%- 

Border- 

line, 

%■ 

logically 

deficient, 

%. 

Male 

15 

33.3 

20.0 

46.7 

Female 

22 

31.8 

31.8 

36.4 

Male 

3 

0.0 

33.3 

66.7 

Female 

3 

0.0 

100.0 

0.0 

Male 

5 

0.0 

0.0 

100.0 

Female 

9 

33.3 

44.5 

22.2 

Male 

42 

4.8 

11.9 

83.3 

Female 

52 

5.S 

17.3 

77.0 

Male 

13 

0.0 

15.4 

84.6 

Female 

10 

0.0 

00.0 

40.0 

Male 

8 

0.0 

37.5 

62.5 

Female 

8 

25.0 

62.5 

12.5 


E. Plasma Vitamin A and Weight. In Figure 3 are plotted all 
the observations on plasma vitamin A against per cent of standard 
weight for each patient. All but 5 of the tuberculous cases are 
under 100% standard weight and 2 of these 5 are under treatment. 
Oddly enough the tuberculous individual with the highest per cent 
of standard weight (113%) was a “just diagnosed” individual who 
died within 3 months of tuberculosis. Only 1 non-tuberculous 
white woman was overweight, with more than 120% of standard, 
but there were 19 negroes overweight more than this figure. In 
tigure 3 we see that more overweight people had normal plasma 
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levels of ascorbic acid. It is more easily seen in the figures for the 
males than in the figures for the females. 

In Figure 5 are plotted the same observations for the staff mem- 
bers and non-tuberculous patients as in Figure 4, but the other 
observations are for the tuberculous patients under treatment. In 
Table 4, none of the males of either race is shown to have a normal 
plasma level. Again, as with vitamin A, the treated tuberculous 
patients show better plasma levels than the just diagnosed tubercu- 
lous patients; in fact, the range of plasma levels is indistinguishable 
from the non-tuberculous group. The change for the females is 



Fig. 5. — Plasma vitamin C observations on staff members, non-tuberculous anti 
tuberculous patients receiving treatment. 


particularly evident in the number and per cent that are now in the 
normal plasma level (Table 4). In Table 5 are listed the number of 
patients in each plasma level by stages of tuberculosis, and again 
we see the rough parallelism between depletion and extent of 
tuberculous involvement. 

B. Plasma Ascorbic Acid and Weight. In Figure G are plotted the 
individual observations of plasma ascorbic acid against per cent of 
standard weight for each patient. Eleven of the 2$ subjects with 
a normal level of ascorbic acid were underweight, weighing less than 
of standard weight. Of the 20-1 subjects, 27 were overweight, 
weighing more than 110ft of standard weight; 20 of these 37 over- 
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levels of vitamin A than did those who were underweight, and 
9 overweight patients had pathologically low levels of plasma 
vitamin A. Obviously overweight individuals are not necessarily 
“well nourished” with respect to vitamin A. 

F. Results of Carotene Tests on the Plasma of All Patients. The 
plasma carotene levels of the various groups of patients will be 
reported in a separate paper together with the results of other work 
with carotene. 

Results of Ascorbic Acid Tests on Plasma. A. All Patient Groups. 
In Figure 4 are plotted the observations on the plasma level of 
ascorbic acid for each of the subject groups. The plasma range of 
ascorbic acid levels is divided into 3 groups; normal, borderline and 
pathologically deficient. Some workers would place the limit of 
the normal group at 0.7 mg. per 100 cc. of plasma, 8 ' 12 but we have 
found no reason to change the standard of 1 mg. per 100 cc. We 
realize that this standard has been set empirically and that the 
true limit of normal is yet to be determined. Almost all workers 
agree that the prescorbutic zone or pathologically deficient zone is 
below 0.5 mg. per 100 cc. Using these standards, only 50% of the 
staff members had plasma levels in the normal range, 37.5% had 
borderline levels, and 12.5% were pathologically deficient. 

The staff members in the borderline and pathologically deficient 
groups (except one) were used in another experiment in which they 
were given orange juice* equivalent to 250 mg. of ascorbic acid 
daily. The staff member with the lowest ascorbic level was known 
to have an aversion to oranges. When tested 3 weeks later, all had 
normal plasma levels. This would indicate that their dietary intake 
of ascorbic acid had been too low and that our standard levels are 
well chosen. 

The non-tuberculous patients have a wider range of plasma levels 
of ascorbic acid than the staff members and there is a gross difference 
in the distribution of observed levels as shown in Figure 4. A little 
over 30% of the white patients (both sexes) had normal plasma 
levels, as compared with 5 to 6% for the negroes (Table 4). Forty- 
seven per cent of the white males and 36% of the white females 
had pathologically low levels, while 83% of the male negroes and 
77 % of the female negroes had pathologic levels. 

The just diagnosed tuberculous subjects had even lower levels of 
ascorbic acid. None had a normal plasma level (Fig. 4, Table 4) ; 
however, in this markedly deficient group the females of both races 
show levels higher than the males. In Table 6 are listed the number, 
instead of the usual per cent of individuals, in the 3 plasma levels, 
since the number of subjects became small when divided on a sex 
basis. There is a rough parallelism between the extent of the 
disease and the number of individuals with pathologically low 


* Courtesy of California Fruit Growers Exchange. 
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corner are plotted the observations on patients with pathologically 
deficient plasma levels of both vitamins A and C. All 5 of the 
patients that died within 3 months after being diagnosed were in 
the latter group (Fig. 7). 

In Table G are listed the number and per cent of the patients in 
each group that have normal plasma levels of both vitamins and 
pathologically low levels of both vitamins. The per cent of patients 
in each group with a normal plasma level of only one vitamin is also 
given, and, conversely, the per cent with a pathologically deficient 
plasma level of only one vitamin is given. The 16 patients that 



VVCiCHT IN PER CENT OF STANDARD WEIGHT 

Tin. 0. — The relation between plasma vitamin C anil per cent standard weight for 

all subjects. 


had a normal plasma level of both vitamins were largely made up 
of staff members and white females (Table 6). The -13 patients 
with plasma levels revealing pathologic deficiencies of both vitamins 
were largely negroes, 14 females and 20 males. This shows a marked 
difference in the nutrition of the white and negro races in our 
population group. 

Plasma Ascorbic Acid and Erythrocyte Sedimentation Kate. Since 
many far advanced cases of tuberculosis show a profound lack of 
ascorbic acid and have a high erythrocyte sedimentation rate, one 
might suspect a cause and effect relationship. In Figure S are 
plotted the plasma ascorbic add observations against the erythro- 
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weight subjects had plasma ascorbic acid values in the pathologically 
deficient level, and 18 of the 26 were female non-tuberculous negroes. 
This observation that 26 of the 37 overweight subjects had patho- 
logically low plasma levels of ascorbic acid shows that overweight 
patients are not always “well nourished” in regard to ascorbic acid. 

Table 5. — Tuberculous Patients Grouped on the Basis op Blood Levels of 
Ascorbic Acid and Sex, Stage and Treatment of Tuberculosis. 



Males, 

No. of patients. 

Females, 

No. of patients. 

Patient groups. 

Normal. 

Patho- 
Border- logically 
line deficient. 

Normal. 

Border- 

line. 

Patho- 

logically 

deficient. 

Just diagnosed: 

Minimal . 

. 0 

1 4 

0 

1 

1 

Moderately advanced 

. 0 

1 2 

0 

4 

2 

Far advanced 

. 0 

1 7 

0 

4 

1 

Under tieatment: 

Minimal .... 

. 0 

1 1 

1 

1 

0 

Moderately advanced 

. 0 

1 2 

1 

4 

1 

Far advanced 

, 0 

1 6 

3 

4 

2 


Table 6.— Percentage of Patients in Each Patient Group With Normal 
Plasma Levels and Pathologic Plasma Levels of Vitamin A, 
Vitamin C, and Both Vitamins A and C. 


Patient group. 


Staff members 


Non- 

j White 

tuberculous " 

[ Negro 

Tuberculous ] 

1 White 

just \ 


diagnosed 

[, Negro 

Tuberculous ] 

f White 

under 

treatment 1 

[ Negro 




r* ■■■■ ” 

Plasma level of— 


! 

Vitamin A. 

Vitamin C. 

Both vitamins 

A and C. 


Total 

No. 

Nor- 

mal, 

%■ 

Patho- 

logical, 

%. 

Nor- 

mal, 

%. 

Patho- 

logical, 

%■ 


Patho- 

logical, 

%• 


15 

73 3 

0 0 

50 0 

12 5 

47 0 

0 0 

Male 

15 

53 4 

6 7 

33 3 

46 7 

13 0 

0 0 

Female 

21 

68 7 

14 3 

31 8 

36 4 

23 8 

9 5 

Male 

40 

25 0 

25.0 

4 8 

83 3 

0 0 

22 2 

Female 

52 

42 3 

28 9 

5 8 

77 0 

0 0 

19.2 

Male 

3 

0 0 

66 7 

0 0 

66 7 

0 0 

66 7 

Female 

3 

33 3 

33 3 

0 0 

0 0 

0 0 

0 0 

Male 

13 

7 6 

92 4 

0 0 

84 6 

0 0 

77 0 

Female 

10 

10 0 

80.0 

0 0 

40 0 

0 0 

30 0 

Male 

4 

75 0 

0 0 

0 0 

100 0 

0 0 

25 0 

Female 

9 

22 3 

55 5 

33 3 

22 2 

11 1 

22 2 

Male 

8 

12 5 

02 5 

0 0 

62 5 

0 0 

37 5 

Female 

7 

14 3 



12 5 * 

14 3 

14 3 


* Eight patients. 

Percentages in this table do not add to 100% because patients with borderline 
plasma levels of either or both vitamins are not included. 


Plasma Ascorbic Acid Versus Plasma Vitamin A. In order to study 
the distribution of patients with multiple vitamin deficiencies, all 
observations on the plasma vitamin levels are plotted against each 
other in Figure 7. We note that the upper right hand corner is the 
region where observations are plotted on patients that had a normal 
plasma level of both vitamins A and C. In the lower left-hand 
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cvte sedimentation rate for each patient. A few patients with high 
normal plasma levels of ascorbic acid also had normal erythrocyte 
sedimentation rates, and also a few with normal ascorbic acid 
plasma levels had rapid erythrocyte sedimentation rates. It is 
true that the largest group of patients had an abnormally high 
erythrocyte sedimentation rate and a pathologically low plasma 
level of ascorbic acid, but 32 patients (16%) had pathologically low 
plasma levels of ascorbic acid and had a normal erythrocyte sedi- 
mentation rate. This, we believe, shows that the ascorbic acid 
deficiency and a rapid erythrocyte sedimentation rate may coexist 
but they may also exist independently. 

The Effect of Breakfast on the Plasma Levels of Vitamins A and C. 
Five male negroes were studied to determine the effect of breakfast 
on the plasma levels of both vitamins A and C. Three of the 5 
had come to the clinic without breakfast and the other 2 had break- 
fast without fruit. All 5 were bled on entrance and were immedi- 
ately given 100 mg. of crystalline ascorbic acid* in 2 ounces of 
distilled water by mouth. This was the equivalent of a good break- 
fast of fruit containing ascorbic acid. One and one-half hours later 
they were bled a second time. The curve of the plasma level of 
ascorbic acid reaches a peak at about 3 hours after eating according 
to our data, which agree with those of Farmer and Abt. 7 At one 
and a half hours the rise is about one-half as great as it is at the 
peak. All 5 patients had pathologically low levels of plasma ascorbic 
acid and failed to show any appreciable rise in their plasma level 
in one and a half hours. The rise for each patient was 0.04, 0.01, 
0.0S, 0.02 and 0.01 mg. per 100 cc. from 0.13, 0.17, 0.26, 0.00 and 
0.06 mg. per 100 cc. plasma ascorbic acid, respectively. 

These 5 patients were given no additional vitamin A and the 2 
that had breakfast, with some vitamin A in the butter and cream, 
were compared to the 3 without breakfasts. One of the 2 with 
breakfast showed no rise in his plasma vitamin A 3 hours after 
eating. The other patient with breakfast was not bled at the time 
of eating but was bled 3^ and 5^ hours after eating. His last bleed- 
ing showed 63.5 I. U. per 100 cc. plasma while the first one showed 
only 41. S I.U. per 100 cc. plasma. This boost, however, was not 
sufficient to raise his blood level from the pathologically deficient 
group. The 3 patients without breakfast changed their plasma 
levels very little in 1.1 hours. The changes in vitamin A were from 
42.6, 57.3 and 10S.0 to 45.4, 63.5 and 110.2 I.U. per 100 cc. plasma 
respectively. The slight rise in each case is insignificant, although 
the last case was boosted into the normal plasma group. 

A healthy subject (II.G.) was given a breakfast including orange 
juice to the equivalent of 100 mg. of ascorbic acid and was bled at 
1 1 hour intervals. One and a half hours after eating, his plasma 
level had risen from 1.34 to 1.46%. Three hours after eating it 

* Courtesy of Merck .fc Co. 




Fig. 7. — Plasma vitamin C plotted against vitamin A. The vertical and hori- 
zontal lines demarcate the plasma levels for each vitamin as before. Note that 
those individuals with normal plasma levels of both vitamins, in the upper right cor- 
ner, are largely staff members and non-tuberculous white females. Those individuals 
with low levels aggregated in the lower left include the bulk of the tuberculous 
patients. Note especially that the 5 tuberculous patients who died had pathologi- 
cally low levels of both vitamins. 
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the negro males. Our figures are too small to prove such a conten- 
tion definitely, but the data point out the possibility of a sex dif- 
ference. 

McConkey 15 has shown that vitamin A and ascorbic acid play a 
role in the resistance to tuberculosis, as the incidence of intestinal 
tuberculosis was less in the treated group. The extensive work of 
Sweany et al. is also shows that ascorbic acid has therapeutic value 
in tuberculosis. Osborn and Gear 16 have pointed out that resistance 
to tuberculosis parallels the animal’s ability to produce its own 
ascorbic acid. Our data, however, would single out vitamin A as 
the vitamin more closely allied with resistance. The fact that the 
young female negro patient is more susceptible to tuberculosis and 
more apt to be deficient in vitamin A and more apt to have a better 
ascorbic acid level than the negro male, supports this claim. We 
do not mean by this that vitamin A nutrition should be considered 
without respect to the other nutritive constituents. Undoubtedly, 
the “sparing and sharing” relationship between the vitamins neces- 
sitates optimum nutritive levels of all the constituents to obtain 
maximum resistance to infections. What is optimum for resistance 
to infection may be different from the optimum nutritive level for 
growth and probably distinctly different from the minimum nutri- 
tive level necessary to meet our accepted growth standards. Our 
vitamin-deficient overweight patients warn against the folly of 
considering overweight patients necessarily “well nourished.” 
Wetzel’s 19 determination of “nutritional grade” takes into con- 
sideration only those nutritive constituents that affect a minimum 
standard of growth and does not consider the optimum nutrition 
which is best for all body functions including resistance to infections 
and growth. We can learn the importance of malnutrition in 
resistance to infections only by studying tuberculous patients’ 
requirements of specific nutritional substances. We find that 
tuberculosis alters the normal nutritive balance of at least two 
substances: heavy demands are made on the body for vitamins A 
and C and these demands are in proportion to the extent of the 
disease. 

Conclusions. 1. The level of vitamin A in the plasma of tubercu- 
lous patients was lowered in proportion to the extent of tuberculous 
involvement. 

2. The level of ascorbic acid in the plasma was lowered with 
tuberculous involvement and reached prescorbutic levels with 
advanced tuberculosis. 

.‘j. Pathologic deficiency of both vitamins A and C appears to 
make the prognosis worse in tuberculosis. 

•1. Xon-tuberculous patients in the dispensary population studied 
were malnourished in both vitamins A and C. 

n. Patients receiving bed rest and pneumothorax treatment had 
more vitamins A and (' in their plasma than patients just diagnosed. 



MALNUTRITION IN PULMONARY TUBERCULOSIS 


845 


was 1.66 mg. per 100 cc. and at 44 hours it had dropped to 1.45 
mg. per 100 cc. In the first 14 hours the rise was 0.12 mg. per 
100 cc. which was more than that of the best of the 5 patients, who 
had a rise of 0.08- mg. per 100 cc. The plasma vitamin A on the 
normal subject - who ate 750 I.U. in milk and butter for breakfast 
was very stable. One and a half hours after eating it had changed 
from 133 to 129 I.U. per 100 cc. plasma, at 3 hours it was 139 I.U. 
and at 44 hours 136 I.U. of vitamin A per 100 cc. plasma. 

All the variations with breakfast were greater with vitamin C, 
but were not sufficient to alter seriously our distribution of patients 
in the 3 plasma levels. More than one-half of our new patients 
come without breakfast and those that do have breakfast rarely 
have as much as we gave our 5 test subjects. As we have demon- 
strated, 100 mg. of ascorbic acid does raise the plasma level more 
in a subject that has a normal level than in one whose tissues 
are unsaturated. Any errors in placing the patients in the proper 
plasma levels would all be in one direction. The tendency would be 
to boost a few patients that belong in the next lower level into the 
normal and borderline groups. This boosting is insignificant, as it 
would also tend to make our figures show less malnutrition than 
actually exists, while, as they are, they show profound malnutrition 
of our population in respect to ascorbic acid and a less but severe 
malnutrition in respect to vitamin A. 

We are aware that alcoholic beverages may free stored vitamin A 
and thus falsely high plasma levels may be observed. Those of our 
patients, however, that drank alcoholic beverages apparently had 
exhausted their body stores by previous indulgence, for their plasma 
levels were lower in most instances than the group average. One 
tuberculous patient was thought to have cirrhosis of the liver and 
his plasma level was very low. 

Comment. The vitamin A level in the blood stream is fairly 
stable and not affected by meals with the usual amounts of vita- 
min A and carotene consumed. This means that blood samples may 
be taken at any time without any great error in the assessment of 
nutritional status. If the peaks of fat absorption are avoided (3 to 
6 hours after eating) there is still less chance for error. Ascorbic 
acid plasma values show a rise following each meal, which is greatest 
at about 3 hours. Ascorbic acid, being water soluble, is stored much 
less than vitamin A, as has been shown by Crandon and Lund. 2 
A fasting plasma level would be preferable whenever possible. 

The sex difference in plasma level of vitamin A has been observed 
before by Kimble 13a and Scalongne, 17 and our data would substan- 
tiate their observations and would support a similar claim for 
ascorbic acid. With vitamin A, the females have a lower average 
plasma level, while with ascorbic acid it is just the reverse. This 
is particularly noticeable in the negro females in each patient group; 
the number deficient in ascorbic acid was always less than among 



S4S 


RHOADS, WARREN, PANZER: 


I. K Avitaminosis. The first method may be described as pure 
dietary In avitaminosis. It was used accidentally by Dam, 83 ' 6 by 
McFarlaue, Graham and Richardson, 19 by Holst and Halbrook 15 
and by Almquist and Stokstad. 1 It is effective on newly hatched 
chicks, ducklings and goslings. It was effective in a rabbit (Dam 
and Glavind 90 and in 12 of 76 rats (Greaves 11 III. ). Early attempts 
to use the method in man failed (Dam and Glavind 96 ) but recently 
Kark and Lozner 17 reported success in 4 patients. Hemorrhagic 
disease of the newborn is regarded by Quick 22 * as a simple K avitam- 
inosis. 


Table 1. — Experimental Methods of Producing Hypoprothrombinemia. 

Response to 
vitamin IC. 



Species in which 
it is known to 

Time required 
in first species 

Without 

bile 

With 

bile 

Method. 

be effective. 

mentioned. 

salts. 

salts. 

I. Dietary K avitaminosis . 

Chicks, rats, rab- 
bits and man 

4 to 14 days 

Excellent 

Excellent 

II. Biliary fistula .... 

Rats, dogs and 

21 to 28 days 

Slight 

Excellent 

III. Common duct obstruction 

Rats 

21 to 28 days 

Slight 

Excellent 

IV. Phosphorus poisoning . 

Dogs 

12 hrs. 

Poor 

Poor 

V. Chloroform anesthesia 

VI. Carbon tetrachloride poi- 

Dogs 

12 hrs. 

Poor 

Poor 

soning 

VII. Sweet clover disease . 

Dogs and rats 
Cattle and rab- 
bits 

12 hrs. 

Poor 

Good 

Poor 

VIII. Ilepatectomy .... 

IX. Liver massage .... 

X. Changes in the circulation 

of the liver .... 

Dogs and cats 

Dog 

Dog 

1 hr. 

24 hrs. 

2 to 4 wks. 

Poor 

Poor 

Times are approximate and subject in most instances to individual variation. A poor response 
indicates that little or no improvement results from vitamin Iv therapy. 


II. Sweet Clover Disease. Sweet clover disease of cattle is asso- 
ciated with a hemorrhagic tendency which Roderick 21 showed to 
be due to a hypoprothrombinemia. Quick 220 has made a study with 
“spoiled” sweet clover hay on rabbits and- believes that the toxic 
material destroys prothrombin directly and that the effect is not 
due to liver damage. The difficulty of extending observations on 
sweet clover disease lay in the fact that the toxic clover hay was 
not always available. 

III. Biliary Fistula. A third method consists in diverting the 
bile from the intestinal tract by a complete internal or external 
biliary fistula. An internal fistula established by anastomosis of 
the gall bladder to the pelvis of the right kidney in the manner 
described by Kapsinow, Engle and Harvey 16 was employed by 
Hawkins and Whipple. 14 A hemorrhagic diathesis gradually devel- 
oped in their animals over a period of from 2 to 4 months. Later 
Hawkins and Brinkhous 13 showed that the hemorrhagic tendency 
produced by this method was due to a decline in the plasma pro- 
thrombin concentration. Several other investigators have since 
used this method for producing hypoprothrombinemia. It is often 
very slow. Two animals in this laboratory failed to show any 
striking change in prothrombin concentration 15 weeks after the 
establishment of a complete internal biliary fistula, of the type just 
described. 
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6. Females (white and negro) had less vitamin A and more 
ascorbic acid than males. 

7. Ascorbic acid deficiency and rapid erythrocyte sedimentation 
may coexist but they also exist independently. 

8. No age difference in the amount of vitamin A in the plasma 
was observed. 

9. Many overweight patients were found pathologically deficient 
in vitamins A and C. 

10. Negroes were found to be more malnourished in both vita- 
mines than were the white subjects. 
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EXPERIMENTAL HYPOPROTHROMBINEMIA. 

By Jonathan E. Rhoads, M.D., 

Richard Warren, M.D., 

AND 

Lillian M. Panzer, A.B., 

PHILADELPHIA, PA. 

(From the Harrison Department of Surgical Research Schools of Medicine, University 

of Pennsylvania.) 

The study of a group of hypoprothrombinemic patients that did 
not respond to vitamin K or its potent synthetic substitutes has 
led us to review the experimental knowledge of hypoprothrombine- 
mia in the hope of defining the vitamin K-fast group of patients on 
an etiologic basis and in the hope of finding an effective therapeutic 
regimen. 

A reduction in the concentration of the plasma prothrombin.has 
been effected experimentally by at least 10 different means (Table 1). 
This laboratory has had first-hand experience with 6 of them. 
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corresponded somewhat to the extent of the operation but that 
there were rather wide individual variations. Complete hepatec- 
tomy is followed by a precipitous fall in the plasma prothrombin 
concentration in dogs as was shown by Andrus, Lord and Moore 3 
and by Warren and Rhoads. 30 

IX. Liver Massage. Moderate declines in prothrombin concen- 
tration have been produced by simple massage of the liver through 
laparotomy wounds (Lord ls ). 

X. Disturbances in the Circulation of the Liver. Finally, disturb- 
ances in the circulation of the liver may, at times, result in pro- 
nounced changes in the prothrombin level, as in some of the dogs 
hepatectomized by us according to the method of Mann as described 
by Markowitz. 20 The first stage of hepatectomy by this method 
consists in anastomosing the portal vein to the inferior vena cava 
and ligating the latter cephalad from the anastomosis. After allow- 
ing a period of 4 weeks for the establishment of adequate collateral 
circulation the portal vein is ligated cephalad from the anastomosis. 
The actual removal of the liver is carried out 3 weeks after the 
second stage. Two of the animals in which hepatectomy was done 
by this method had plasma prothrombin concentrations respectively 
of only 40% and 45% of normal at the beginning of the third stage. 

The Basic Mechanisms by Which Hypoprothrombinemia Develops. 
Before discussing some of these methods in greater detail the 
mechanisms by which hypoprothrombinemia is produced experi- 
mentally may be rapidly reviewed. The first is simple Iv avitamino- 
sis, the second a lack of bile salts in the intestinal tract resulting in a 
conditional Iv deficiency, due to the failure of absorption of the 
vitamin, the third is the unexplained action of a toxin on the plasma 
prothrombin and the fourth is deficient prothrombin production 
due to damage to the liver. So far, hypoprothrombinemia due to 
an inability of the wall of the small intestine to absorb vitamin Iv 
has not been reported in animals, although it has been postulated as 
the cause of hypoprothrombinemia in patients with sprue and celiac 
disease (Butt, Snell and Osterberg 7 ). The natural occurrence of 
human hypoprothrombinemia due to the direct action of toxic sub- 
stances on prothrombin has not been reported.* There remain, 
therefore, three mechanisms of clinical significance on which experi- 
mental data are available, namely, lack of vitamin Iv, lack of bile 
salt in the intestine for its absorption, and liver damage. 

The amount of time required for the production of hypoprothrom- 
binemia by any given method in the experimental animal is to some 
extent indicative of the mechanism by which it is produced. The 
dietary methods usually require 4 days to 3 weeks. The bile de- 

* The active principle of spoiled clover hay (3-3' methylenebis -l-hydroxycou- 
marin) isolated in the department of Dr. K. P. Link had recently been employed by 
H. R. Butt, E. V. Allen and J. L. Boilman (Proc. Staff Meet. Mayo Clin.. 16, 3VS, 
UUP and in patients by J. B. Bin-hunt. O. O. Meyer and I". J. Pohle (this journal, 
202. 303, 1‘Atl). 
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Greaves and Schmidt 12 obtained a prothrombin deficiency in rats 
in a somewhat shorter time by transplantation of the common duct 
into the distal transverse colon. They demonstrated that the con- 
dition could be quickly corrected by the administration of vitamin K. 
Small doses were effective if bile salts were given, whereas very large 
amounts were necessary if bile salts were not administered. They, 
therefore, concluded that bile salts were required for the absorption 
of the vitamin. This was confirmed in the dog by Smith, Warner, 
Brinkhous, and Seegers 26 and has formed the basis for the treatment 
of hypoprothrombinemia in patients with obstructive jaundice or 
biliary fistula. 

IV. Common Bud Obstruction . Simple obstruction of the com- 
mon bile duct has not been a satisfactory method of producing hypo- 
prothrombinemia in the dog. One of our dogs survived common 
duet obstruction for 13 weeks without developing any marked pro- 
thrombin deficiency. In the rat, however, Greaves and Schmidt 12 
were able to produce hypoprothrombinemia by this method. 

V. Chloroform Anesthesia. VI. Carbon Tetrachloride Poisoning. 
VII. Phosphorus Poisoning. These three means of reducing the 
prothrombin concentration in animals are so similar that they may 
be considered together. The administration of chloroform anes- 
thesia and of phosphorus given hypodermically were first studied 
by Smith, Warner and Brinkhous 250 who showed that a severe drop 
in the plasma prothrombin concentration occurred after 90 minutes 
of chloroform anesthesia. They observed further that the drop 
started in 12 hours and reached a maximum within 48 hours. If 
the animals survived, the prothrombin level then gradually rose to 
normal over a period of 5 or 6 more days. These authors called 
attention to a difference between the effect of chloroform on the 
prothrombin concentration and its effect on the fibrinogen concen- 
tration of the plasma. They found that the prothrombin level was 
affected more easily than was the fibrinogen concentration, that it 
declined more quickly and that it returned to normal more slowly 
than was the case with fibrinogen. Quick 226 reported that carbon 
tetrachloride exerts an effect on prothrombin comparable to that 
exerted by chloroform. These experiments were quickly inter- 
preted as evidence that the liver produced prothrombin. Later 
work tended to confirm this view but it is unsafe to conclude that 
effects observed following the administration of hepatotoxic agents 
are mediated solely by damage to the liver since simultaneous injury 
t°_ other body tissues cannot always be excluded. The hepatic 
injury which follows the use of such substances results in a reduction 
of bile salt synthesis and consequently may interfere with the 
absorption of vitamin K from the intestine. 

^ III. Partial ITepatectomy and Total Hepatedomy. Partial hepat- 
ectomy was carried out in rats by Warner. 28 If 60% to 75% of 
the liver tissue of these animals is removed the prothrombin level 
declines. Warner found that the average decline of groups of rats 



S52 


RHOADS, WARREN, PANZER: 


experiments the animal which received its bile showed less prolonga- 
tion of the prothrombin time than did its mate which did not receive 
its bile. 


Table 2.— Bile Salt Content of Hepatic Bile Collected From Dogs Following 
Chloroform Anesthesia. 


Dog No. 

29G 

126 

194 

* Calculated as cholic acid. 


Bile salt 
concentration 
first 24 hrs.* 
(mg. per 100 cc.). 


Prothrombin time (sec.). 


Before 24 hrs. after 
anesthesia. anesthesia. 


4560 15 245 

1240 14 24 

1160 IS ISO 


Plasma prothrombin concentration was determined by the method of Quick (Am. 
.1. Physiol., 114, 2S2, 1936). Except in the case of the hepatectomized dogs the 
prothrombin times were not converted to concentration in per cent of normal. It 
should be remembered that prothrombin time increases as the concentration of pro- 
thrombin falls. As the concentration is reduced from 100% the prothrombin time 
at first increases very slowly and then more and more rapidly. 

Table 3. — Effect of Interruption of the Flow of Bile to the Intestine on 
the Degree of IIypoprothrombinemia Induced by Chloroform 


Dog No. 

Anesthesia. 

Duration of 
anesthesia 
(nun.). 

Bile flow 
interrupted. 

Maximum 
prothrombin 
time (see.). 

271 

. . 30 

No 

IS 

252 

30 

Yes 

36 

296 

50 

No 

17 

297 

50 

Yes 

45 

296 

50 

Yes 

245* 

297 

50 

No 

100* 

527 

55 

No 

27 

52S 

55 

Yes 

360 

536 

50 

No 

92 

537 

50 

Yes 

23 

* Prothrombin determination 

24 hours after anesthesia. 



Additional evidence that the major part of the fall in the plasma 
prothrombin concentration following chloroform is not due to the 
bile salt deprivation is to be found in the observation that dogs pre- 
pared as has been described would regenerate prothrombin after 
the first 2 or 3 days even though all bile was sidetracked from the 
intestine subsequent to the time of the chloroform anesthesia 
(Table 4). 

Table 4.— Changes in Prothrombin Time Following Chloroform Anesthesia 

in Bile Fistula Dogs. 

Prothrombin time (Quick*) 
(sec.). 



Dog 

Dog 


No, 120. 

No. l'Ji. 

Before anesthesia . 

.... 14 0 

IS 0 

First day 

. 21 0 

ISO 0 

Second day 

50 0 

43 0 

Third day 

21 0 

19 0 

Fourth day 

0 

0 

Fifth day 

0 

0 

Sixth day 

0 

0 

Seventh day 

. no 


high th day 

. 

IS. 5 


• Am. J. Physiol., 114, 2S2, 1936. 
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privation methods usually require 4 weeks to 4 months. The chemi- 
cal methods of liver injury require 12 to 48 hours and following 
total hepateetomy the prothrombin level begins to fall almost at 
once. One cannot, of course, conclude that the same time intervals 
will be operative in man as in the experimental animals, but a sud- 
den drop in plasma prothrombin concentration in a patient is sug- 
gestive evidence of the development of hepatic damage. 

Damage to the hepatic parenchyma nearly always results in a 
diminished bile salt content of the bile so that two mechanisms may 
operate together when such damage is present. In cases in which 
hypoprothrombinemia develops rapidly it would seem probable that 
the hepatic injury per se plays the dominant role. That this is 
actually the case following chloroform anesthesia in dogs is shown 
by the following experiments: 

Experiments to Determine the Mechanism of the Development of 
Hypoprothrombinemia Produced by Chloroform and Carbon Tetra- 
chloride. Stock dogs, which had been kept on a diet of table scraps, 
were operated upon under ether anesthesia. The common duct was 
divided .and both ends intubated with small rubber catheters which 
led through stab wounds to the surface of the abdominal wall where 
they could either be connected if the normal flow of bile was to be 
restored, or separated to sidetrack the bile and to facilitate the col- 
lection of specimens. The cystic duct in these animals was ligated 
with silk. After the animals had recovered from the operation and 
with the catheters connected so that bile flowed into the duodenum, 
chloroform anesthesia was given each dog. It was ascertained in 
some of the animals that the plasma prothrombin concentration 
fell mainly during the first 24 hours and in most dogs continued to 
fall during the second 24 hours. In other animals the tubes were 
disconnected and the bile collected externally in rubber balloons 
following the anesthesia. This bile was then analyzed for its bile 
salt content.* The figures are calculated in terms of cholic acid. 
The data are given in Table 2. It will be seen that an ample 
amount of bile salt very likely was entering the duodenum on the 
day in which the plasma prothrombin concentration fell most 
rapidly. On the second day bile salt production was usually im- 
paired. It, therefore, was concluded that the observed fall was not 
due primarily to an interference with bile salt formation. How- 
ever, interruption of the flow of bile may have some influence on 
the degree of the fall in prothrombin concentration as indicated by 
the data in Table 3. These dogs were operated upon and anes- 
thetized in pairs. Following chloroform anesthesia the tubes of one 
animal of each pair were left connected to permit the flow of bile 
to the intestinal tract, whereas the tubes in the other animal were 
disconnected. In the case of Dogs 39-296 and 39-297 the experi- 
ment was repeated reversing the animals. In four out of five such 

■ * Wo are indebted to Mr. Mitchell Prushankin for the bile salt determinations. 
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munication. 30 In all of these animals, except 1 dog which lived 
only a short time and received a transfusion shortly before the final 
specimen was taken, a fall in the prothrombin concentration was 
observed. In the dogs that lived over 4 hours, this decline was 
quite marked (Table 6). It was much more rapid than the accom- 
panying decline in fibrinogen concentration (Table 7). The pro- 
thrombin determinations were carried out by the method described 
by Quick in 1936. As the results of this method may be influenced 
by severe reductions in the fibrinogen level, the effect of added 
fibrinogen solution prepared as directed by Smith, Warner and 
Brinkhous 356 was investigated. As Chart 1 shows, the results ob- 
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Effect of Added Eibrinogon on Prothrombin Determinations. 
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Hours after Hep ate ciomy. 
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taiued with this modification of the Quick test for prothrombin 
were parallel to those obtained without the added fibrinogen. That 
the reduction in prothrombin concentration was not a simple dilu- 
tion associated with intravenous infusions of glucose, was shown by 
determination of the cell volume index after centrifugation for 
15 minutes at 2500 r.p.m. and by determination of the plasma pro- 
tein concentration by the method of Barbour and Hamilton. 5 
Slight dilution did occur but this was not of sufficient degree to 
account for the rapid fall in the concentration of the plasma pro- 
thrombin (Charts 2 and 3). 

A number of factors, other than the removal of the liver, might 
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That the effect of carbon tetrachloride administered orally is like- 
wise not dependent upon an effect on bile salt production is shown 
in Table 5. 

Table 5.— Recovery From Hypoprothrombinemia Induced by the Oral Admin- 
istration op Carbon Tetrachloride in a Dog With a Complete 
External Biliary Fistula. 

Dog 
No. 126 . 

Dose of carbon tetrachloride (cc./kg.) ... . .25 

Prothrombin time: 

After 48 hours (sec.) .... 32 

After 96 hours (sec.) . 19 


Table 6. — Changes in Plasma Prothrombin in Hepatectomized Dogs. 


Dog No. 

Method of 
hepatectomy. 

Survival 

time 

(hrs.). 

Last 

prothrombin 
Preoperative determination 
prothrombin before death 
(% normal). (% normal). 

Decline 
from pre- 
operative 
level 
(%). 

379 . 

Mann 

6 

80 

10 

87 

877 . 

Firor and Stinson 

2 

No prothrombin decline 11 

891 . 

Markowitz el at. 

1 

100 

32* 

68 

892 . 

Markowitz el al. 

6 

82 

35 

57 

904 . 

Markowitz et al. 

5! 

100 

0 

100 

691 . 

Mann 

19 

40 

11 

72 

781 . 

Mann 

14 

45 

16 

64 

827 . 

. Mann 

4 

48 

42 1 

12 





Average 

58 


* Dog had transfusion shortly before last specimen, 
t Last specimen 2 hours postoperatively. 


Two Additional Animals in Which Hepatectomy Was Performed in the Course of a 
Study of Cardiac Glucosides by Dr. Melvin Dresbach Also Showed 
an Early Prolongation of the Prothrombin Time. 



Type of 
hepatectomy. 

Prothrombin 
concentration 
immediately 
after operation 
(% normal). 

Last 

prothrombin 
determination 
Interval before death 

before death. (% normal). 

Dog D . 

. . 1 stage 

*75 

3 hrs, 45 mins. 

20 0 

Cat D 

, . 3 stage 

77 

3 his. 30 mins. 

12 5 

Table 

7.— Changes in Plasma Fibrinogen in Hepatectomized 

Dogs. 




Fibrinogen level. 


Dog No. 

Method of 
hepatectomy. 

Survival 

time 

(hrs.). 

Preopeiative 
(gm./IOO cc. 
of plasma). 

Before death 
(gm./IOO cc. 
of plasma). 

Decline 

(%)• 

892 . . 

Markowitz et al. 

6 

0.50S 

0 407 

20 0 

904 . . 

Markowitz et al. 


1.019 

0 400 

61 2 

691 . . 

Mann 

19 

0 297 

0.229 

22 9 

781 . . 

Mann 

14 

0.805 

0 779 

3 3 

827 . . 

Mann 

4 

0 511 

0 226 

55 8 





Average 

32 6 


Experiments on the Relation of the Liver to Prothrombin Formation 
and on the Significance of Hypoprothrombinemia Following Total 
Hepatectomy. We observed the effect of total hepatectomy on the 
plasma prothrombin level of 9 dogs and 1 cat. Most of these 
observations were reported in a preliminary form in a previous com- 
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have influenced the prothrombin concentration. Ether anesthesia, 
hemorrhage, and laparotomy were possible factors, the effect of 
which it seemed important to investigate. Table S shows the pro- 
thrombin times of dogs before and after ether anesthesia. Even 
when the ether was volatilized with but 15% of oxygen no striking 
reduction was obtained. In 1 animal in which a poor anesthetiza- 
tion was purposely carried out a slight fall in the plasma prothrom- 
bin concentration occurred. 


Table S.— The Effect of Ether Anesthesia on the Plasma 
Prothrombin Level. 


Duration 


Dog No. 

237 

(hrs.). 

o 

Technique. 

Gwatlimey 

237 

2.75 

Gwathmey 

332 . 

. 3 

Gwathmey 


* 4 days later. 

t Died of pneumonia on second day. 


Prothrombin time. 


Maximum 



Before 

ether 

following 

ether 

Remarks. 

(sec.). 

(sec.). 

Atmospheric air 
but cyanosis 
maintained 

13 

17.5* 

15% 0: and 

S5% Ns 

10 

10 

15% 0; and 

S5% Ns 

13 

12t • 


The effects of laparotomy and operation on abdominal organs 
other than the biliary tract are shown in Table 9 and the effect of 
hemorrhage on the prothrombin level is shown in Table 10. 

Table 9.— The Effect of Laparotomy for Operations on Organs 
Other Than the Biliary Tract on the Prothrombin Time in Dogs. 


Prothrombin time. 




Immediately 

18 hrs. 

43 hrs. 


Preoperative 

postoperative 

postoperative 

postoperative 

Dog No. 

(fee.). 

(sec.). 

(sec.). 

(bCC.). 

i . . 

10 

S 

9 

9.5 

22 

S 

s 

S 

S 

3 . 

S 

9 

9 

9 

4 . . • 

11 

10.5 

9 

9 

Table 10. — The Effect of Hemorrhage on the Plasma Prothrombin 


Time of 

Dogs. 






Prothrombin time (sec.). 




Dog No. 700. 

Dog No. 766. 

Before hemorrhage 



■ 9i 

14 

After 12 hours 



9! 

13 

After 24 hours 



91 

13 

After 4S hours 



9i 

12} 


In each ca=e the dog was bled until air hunger appeared. Approximately 350 ce. 
of blood were removed in each case. 


These three factors do not explain the fall in plasma prothrombin 
concentration observed following extirpation of the liver. 

Interference with the absorption of vitamin K would be expected 
to occur following hepatectomy. The cessation of bile salt forma- 
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Dog 791 

Changes in Prothrombin, Fibrinogen, Plasma Protein and Hematocrit After 

Hepateetomy. 
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observed after hepateetomy. This may indicate that there are 
other sources of prothrombin formation. 

Without finding a particular locus for the destruction of prothrom- 
bin it is possible to explain its disappearance, at least partially, on 
the basis of observations of the plasma prothrombin in stored blood. 
Although this decline is slow in blood stored at 4° C. it occurs much 
more rapidly in blood allowed to stand at room temperature. Blood 
stored in an incubator at 37° shows even more rapid changes. 
Chart 4 summarized certain observations on the prothrombin con- 
centration of oxalated human plasma stored in this way. The 

The Influence of Temperature on the Disappearance of 
Prothrombin from Stored Human Plasma- 



decline is not as rapid as that observed in most hepatectomized dogs, 
but would correspond with the declines in some of the dogs observed 
in this laboratory. 

The Effect of Vitamin K Therapy on Experimental Hypoprothrom- 
binemia. Just as the time factor seems to vary with the mechanism 
by which hypoprothrombinemia is produced rather than with the 
particular means employed, so the response to therapy varies with 
the mechanism. To some extent at least the response of a hypo- 
prothrombinemia of unknown etiology is indicative of the mechan- 
ism by which the condition has been produced. 
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tion would certainly interfere with its absorption and the necessary 
alteration in the venous drainage of the intestine might likewise 
interfere even if bile salts from other sources were supplied. The 
fact that a fall in plasma prothrombin occurred after one stage 
hepatectomy in healthy stock dogs in whom bile salt diversion does 
not produce a marked drop in prothrombin for many weeks indicated 
that this factor was not important. 

In the experiments of Andrus, Lord and Moore 3 bile salts and 
vitamin K were administered by enterostomy tube following hepat- 
ectomy without preventing the decline in prothrombin concentra- 
tion. Despite the fact that Dam, Schoenheyder and Tage-Hansen 10 
failed to decrease blood coagulability in geese by exclusion of the 
liver from the circulation, it seems fair to conclude that in the dog, 
and probably also the cat, the synthesis of prothrombin in adequate 
quantities requires the presence of the liver. Whether the liver 
completes this synthesis or whether it is responsible for only one 
part of it cannot be stated with the data now available. 

Considerable significance may be attached to the rate with which 
prothrombin disappears after removal of the liver because it implies 
constant and rapid destruction of this factor elsewhere in the body. 
It makes it unnecessary to postulate that substances, such as chloro- 
form which cause rapid drops in the prothrombin level, do so by 
any direct destructive action on preformed prothrombin. It also 
points to a discrepancy between the cessation of prothrombin synthe- 
sis caused by absence of the liver and that due to absence of vita- 
min IC. If vitamin Iv were chemically combined to form prothrom- 
bin one might expect a rapid decline in prothrombin when the supply 
of available vitamin K was used up instead of the relatively gradual 
decline usually observed. So many possibilities might explain this 
discrepancy that further speculation at this time seems useless. 
However, it is well to keep in mind that prothrombin need not 
necessarily be a single substance but might be a mixture of two or 
more substances having different origins, any of which might reach 
critically low levels independently of the others with a resultant 
decline in measurable prothrombin activity. 

The site of prothrombin destruction has been investigated by 
Andrus, Lord and Kauer. 2 After comparing the plasma prothrom- 
bin concentration of arterial blood going to various organs with that 
of the venous blood coming from these organs, they concluded that 
prothrombin was destroyed in the lungs. In 85% of the dogs they 
found a mean decline in the pulmonary vein blood of 10.6% when 
compared to pulmonary artery blood. The determinations were 
done by the method of Warner, Brinkhous and Smith 29 and an 
accuracy of 3% was claimed for the method in duplicate specimens. 
As the blood probably passes through the lungs at an average rate 
of at least 30 times an hour the observations of Andrus, Lord and 
Kauer 2 would indicate a more rapid destruction than we have 
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response in normal persons makes one more critical of data obtained 
in K resistant patients with hypoprothrombinemia. 

Summary. Ten means of producing hypoprothrombinemia in 
animals are briefly reviewed. 

A comparison of experimental and clinical forms of hypopro- 
thrombinemia point to three mechanisms for the development of 
hypoprothrombinemia which are common to both the experimental 
and clinical forms. They are a dietary Iv avitaminosis, a condi- 
tioned Iv avitaminosis due to absence of bile salts from the intestinal 
tract, and liver injury of sufficient degree to prevent synthesis of 
prothrombin at an adequate rate. 

The mechanism by which the hypoprothrombinemia develops is 
characterized to some extent by the period required for its develop- 
ment. Exclusion of bile from the intestinal tract usually requires 
several weeks to a few months for the development of any marked 
degree of hypoprothrombinemia. Liver injury if it is produced 
rapidly is followed by a drop in the prothrombin level in a few 
hours. The dietary method has only been successful with regularity 
in poultry. An intermediate interval of 4 days to 3 weeks is required 
in chicks. 

The three mechanisms are also characterized by the response of 
the hypoprothrombinemia which they produced to vitamin Iv. Hypo- 
prothrombinemias due to dietary Iv avitaminosis are relieved by 
very small doses of the vitamin. Conditioned Iv avitaminosis due 
to a lack of bile salts from the intestinal tract does not respond 
satisfactorily to naturally occurring vitamin Iv in ordinary doses 
but will do so if bile salts are added. Ilypoprothrombinemias due 
to hepatic damage of a degree sufficient seriously to retard prothrom- 
bin formation respond poorly or not at all to vitamin Iv and bile salts. 

The last two mechanisms frequently operate together. Experi- 
mental evidence is presented indicating that the hypoprothrombine- 
mia due to chloroform and carbon tetrachloride poisoning in dogs 
is primarily due to liver damage, although the presence of bile salts 
in the intestine appears to atfect to some degree the extent of the 
fall in the prothrombin level. 

Experimental data are also presented in support of the following 
points: 

1. Chloroform anesthesia and carbon tetrachloride poisoning in 
dogs lead to a rapid drop in the plasma prothrombin level from which 
recovery occurs regardless of whether or not the bile reaches the 
duodenum. 

2. Total hepatectomy in the dog and cat lead to a prompt decline 
in the plasma prothrombin level which cannot be attributed to: 
(«) hemorrhage, (L) ether anesthesia, (c) laparotomy per sc. 

3. A rapid decline in prothrombin may occur in human plasma 
in vitro at 37° C. 
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Simple Iv avitaminosis in chicks responds within a few hours to 
the oral administration of 2-methyl-l ,4-naphthoquinone (Ans- 
bacher 4 ). Vitamin IC in any form will effect a prompt response. 

Bile fistula animals will respond well to oral vitamin K with bile 
salts. The response to bile salts alone is slower but does occur. 

If the absorbing membranes were at fault one would expect a poor 
response to vitamin IC and bile salts by mouth but a good response 
following the parenteral administration of vitamin IC. In hypo- 
prothrombiuemia produced in the dog following chloroform anes- 
thesia, 2-methyl-l ,4-naphthoquinone intravenously did not produce 
an appreciable effect. Andrus, Lord and Moore 3 have found 
that doses as large as 10,000 units of vitamin IC have been without 
effect in influencing the prothrombin level of the hepatectomized 
dog. Bay 6 reports decreasing the extent of the decline in the plasma 
prothrombin level in the dog following chloroform by giving large 
doses of 2-methyl-l, 4-naphthoquinone but a considerable decline 
occurred nevertheless. 

There is, therefore, presumptive evidence that in the type of 
hypoprothrombinemia in patients that is due to severe liver damage, 
a poor response will be obtained. Histologic evidence that liver 
damage was present in 3 patients with hypoprothrombinemia who 
failed to respond to vitamin IC therapy has been presented. 23 ®’ 6 
Some authors have, however, expressed the opinion that by increas- 
ing the dosage of vitamin IC in patients that did not respond to 
the usual dosage they were able to obtain a satisfactory response. 27 
Investigation of this finding is difficult because the functional status 
of the liver may change rapidly and a sufficiently large number of 
clinical observations has not accumulated for statistical analysis. 

The relationship between vitamin IC and prothrombin is entirely 
obscure. They are different substances physiologically as well as 
chemically. Vitamin IC has no activity when substituted for pro- 
thrombin in a clotting system and prothrombin preparations are 
only slightly beneficial when fed to IC avitaminotic chicks (Dam, 
Schoenheyder and Tage-Hansen 10 ). 

If vitamin IC has a mass action effect in the production of pro- 
thrombin, one would expect that quantities of it added to a normal 
diet might elevate the prothrombin level above normal. This 
hypothesis was tested in a group of miscellaneous surgical patients 
(Norris and Rhoads 21 ) who received 6 mg. of 2-methyl-l ,4-naphtho- 
quinone daily with 15 grains of iron bile salts for varying periods 
of time without a significant increase in prothrombin concentration 
above the normal as determined by the Quick method and by certain 
modifications thereof. One cannot conclude from this study in 
relatively normal individuals that increasing the dose of vitamin IC 
above the amount usually found adequate would not be of value in 
patients with liver damage but at least the failure to obtain this 
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dependent edema in malaria are the marked anemia, increased capil- 
lary permeability or a disturbance in the plasma proteins of the 
blood. The anemia of therapeutic malaria may be quite marked, 
as low as 2.5 million red cells, but it is unlikely that this is wholly 
responsible for the edema, since the latter may disappear fairly 
rapidly while the anemia persists. Increased capillary permeability 
with an increased hydrostatic pressure when the erect posture is 
maintained may play some part in the production of the dependent 
edema. It does not explain, however, the mechanism of the general- 
ized edema. Disturbance of the colloids, especially the plasma pro- 
teins, may be an important factor since food intake is often dimin- 
ished and weight losses of 10 pounds or more may occur during 
therapeutic malaria. A reduction in the plasma proteins, especially 
albumin, would change the osmotic pressure, affect the interchange 
of fluid between blood and tissues and thus produce edema. In 
order to test this hypothesis the studies described in this paper were 
undertaken. 

Material. Seven male patients, ranging from 40 to 51 years, were • 
hospitalized for the malarial therapy of general paresis. Physical examina- 
tion and laboratory procedures revealed no other complicating diseases. 

Methods. The patients had 10 to 13 paroxysms of malaria and were 
ambulatory between paroxysms. The malaria was terminated by the 
administration of 10 gr. of quinine sulphate 3 tunes a day for 1 week. 

The daily hospital diet consisted roughly of the following: protein SO gin., 
carbohydrate 315 gm., and fats S5 gm. When fever was present and food 
intake diminished, the daily diet was reinforced by the addition of at least 
1 quart of milk and 2 eggs (protein 42 gm., carbohydrate 50 gm., and fat 
52 gm.). After termination of the malaria, each patient was given a high 
vitamin, high caloric diet, and 20 gr. of ferrous sulphate daily. Sodium 
chloride was administered to 6 patients during malarial therapy as a result 
of the observations of Judd" who felt that patients were better able to 
tolerate the fever when 10 gr. of the salt were given on those days when 
body temperature rose above 103° F. Larger doses than suggested by 
Judd were given: 5 patients received 4 gm., and 1 patient 6 gm. daily. 
The seventh patient (T. G.) received no sodium chloride during his malaria 
other than that present in the diet. The sodium chloride was omitted 
when malarial fever was terminated, with the exception of 1 patient (F. F.) 
who continued to receive G gm. daily for G days thereafter. 

Studies were made of the hematocrit, red cell count and hemoglobin 
(Sahli) levels on venous blood samples in the resting state. In most 
instances the patient was afebrile at this time. 

The total plasma protein was obtained by the determination of the total 
nitrogen by a modified micro-Kjeldahl method the non-protein nitrogen 
by the method of Folia and Wu; J the albumin and globulin by the sodium 
sulphate method of Ilowe;^ the fibrinogen by precipitation as fibrin by 
the method of Cullen and Van Slyke; 1 and the plasma chloride in 2 patients 
by a modification of the method of Van Slyke. 13 In the last series of studies 
(Patients F. F. and T. G.) the fibrinogen was precipitated as above, and the 
nitrogen content of the fibrinogen was determined directly. Potassium 
oxalate in the concentration of 2 mg. per cc. was used as the anticoagulant. 

Results. Plasma albumin fell progressively as the malarial fever 
continued and even for a few days thereafter. The pre-fehrile 
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(From the Boston Psychopathic Hospital.) 

Edema occurs quite often in patients undergoing therapeutic 
malaria. The edema is usually regarded as of cardiac origin, pro- 
vided renal damage has not developed. However, there are a series 
of facts which makes this hypothesis unlikely, namely: the absence 
of other symptoms and signs of cardiac involvement, such as in- 
creased basal pulse rate, pulmonary rales, dyspnea, cyanosis and 
increased venous pressure; and the rapidity with which the edema 
disappears with or without rest in bed, restriction of salt and fluid 
intake or digitalis therapy. 

Other factors which must be considered as possible causes of the 
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in 4 patients significant increases, in 2 patients a rise and then a 
fall, and in 1 patient a fall throughout. 

The net result of the changes described above was a reduction of 
the total plasma proteins, since the increases in globulin and fibrino- 
gen when present were insufficient to balance the reduction of 
albumin. Pre-t'ebrile plasma protein values ranged from fi.SS to 
S.2 gm. and fell to 5.03 to 7.3 gm., the maximum reduction being 
28.5% (Patient F. F.). 



Ch \kt — T. G. 


The fall in albumin ceased with the termination of the malarial 
fever by quinine or within a few days thereafter. The albumin 
ro;e to pre-febrile levels in 0 patients within 14 to 24 days. The 
return to normal in the .seventh patient was quite slow, requiring 
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levels of 3.7 to 5.1 gm. fell to 2.23 to 3.4 gm., and in 6 of the 7 patients 
were reduced to less than the critical level of 3.1 gm. at which 
edema is said to occur in infections. 12 The reductions represented 
30% to 40% of the original levels. 



Sodiuja Chloride 
6 gm, dally 


j Edema 

***** 0 10 20 30 40 50 

Chart 1, — F, F , 

The globulin fraction, on the other hand, rose after a few par- 
oxysms of fever, reaching its highest level (10% to 65% increase) 
at about the period that the albumin fraction showed its greatest 
decrease. The globulin changes of 2 patients differed, 1 (F. F.) 
showing a reduction of globulin, as great as 32%, throughout the 
malaria (Chart 1); and the second (T. G.) showing a progressive 
but . less marked fall until the eleventh paroxysm (Chart 2). 

Fibrinogen values did not show a consistent- trend as did the 
albumin and globulin fractions. Considerable fluctuation occurred: 
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these regions. 13 Capillary permeability and electrolytic balance, 
especially the sodium ion, also play important parts. The funda- 
mental cause of edema, however, is hypoproteinemia resulting in a 
reduction of the osmotic pressure of the serum proteins. 11 The 
appearance and the intensity of the edema parallel the reduction 
of the albumin fraction, rather than the total plasma protein values. 
Moore and Van Slyke 10 found that edema was always present when 
albumin fell to 2.5 ±0.2 gm. per 100 cc. of blood. Peters and 
Eisenman 12 found edema in more than one-half of 50 non-nephritic 
patients with infections when serum albumin was below 3.1 %, and 
invariably when colloid osmotic pressure was less than 20 mm. 
mercury. Dehydration might prevent the occurrence of edema at 
these levels, whereas circulatory failure or stasis precipitated it. 

Edema has been shown by some 6 to occur when colloid osmotic 
pressure of the plasma was reduced to levels of 17 to 21 mm. of 
mercury, provided hydrostatic pressure was unchanged, and by 
others s at osmotic pressures below 15 to 17 mm. of mercury. Mel- 
nick and coworkers, 9 however, point out the inadequacy of colloid 
pressure measurements in vitro and of the determination of albumin 
and globulin for predicting the true osmotic pressure in man. In 
their opinion recent physico-chemical studies have disproven the 
major importance of the albumin fraction in preventing the forma- 
tion of edema. 

The results obtained in our patients during malaria bear out the 
importance of plasma albumin and osmotic pressure values in the 
production of edema. Albumin fell to the edema level of infections, 
3.1 gm. per 100 cc. of blood, in 0 of the 7 patients. The osmotic 
pressure of the blood of these patients fell to 21 mm. or less. Depen- 
dent edema developed in 3 patients at albumin levels of 3 gm., 
2.89 gm. and 2.23 gm., and at osmotic pressures of 20.4 mm., 
19.2 mm., and 15.4 mm. mercury, respectively. An increase of 
2.5 pounds in body weight occurred in a fourth patient at an albu- 
min level of 2.73 gm. and an osmotic pressure of 19.5 mm. mercury. 
Disappearance of the edema accompanied by loss of body weight 
occurred in the first 3 patients concomitant with an increase in 
albumin to 4.3 gm., 3.7 gm., and 3.2 gm., and a rise in the osmotic 
pressure to 27.9 nun., 23.S mm., and 20.5 mm. of mercury, respec- 
tively. The absence of clinical edema in the remaining 2 patients 
with low albumin levels does not necessarily imply that fluid reten- 
tion, suhclinical in type, had not occurred and was masked by the 
weight changes present during malaria. Thus, though marked 
generalized edema occurred in 1 patient (Chart 1), the maximum 
body weight was only \ pound greater than before malaria, the 
accumulated fluid balancing the tissue weight loss. 

It is difficult to evaluate the importance of the malarial anemia 
as a contributing factor in the production of the edema. Edema 
occurred when anemia was most marked, usually at levels of 9.7 gin. 
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about 10 weeks. The increased globulin values, when present, per- 
sisted from 10 to 18 days. The fibrinogen returned to normal in 
about 1 week’s time. 

The albumin-globulin quotient of each patient fell during malaria: 
in 4 patients close to 1 and in the remaining 3 patients below 1. 
The quotient rose fairly rapidly toward pre-febrile levels after the 
termination of the malaria and as albumin increased. 

The osmotic pressure of the plasma proteins (1 % albumin equals 
5.5 mm. of mercury: 1% globulin equals 1.4 mm. of mercury) fell 
progressively in each patient as the malaria fever recurred, the 
amount of fall depending on the reduced albumin values. Pre- 
febrile osmotic pressures ranged from 24.43 to 31.78 mm. of mercury 
and fell to levels of 15.91 to 23.04 mm. of mercury. In 6 patients 
the osmotic pressure fell below 21 mm. of mercury, at which level 
' edema frequently occurs. 12 The osmotic pressure rose rapidly after 
the malarial fever was terminated, paralleling the increase in 
albumin. 

Clinical edema developed in 3 of the 7 patients during malarial 
therapy. One patient developed dependent edema when albumin 
had fallen from a pre-febrile level of 5.1 to 3 gm., and while receiving 
4 gm. sodium chloride daily. The edema disappeared after 10 days 
during which time the patient was ambulatory and the sodium chlo- 
ride was omitted. The disappearance of the edema was accom- 
panied by a rise of albumin to 4.3 gm. and a loss of 9 pounds in 
weight. A second patient (F. F.) developed dependent edema and 
edema of the face and hands when albumin had fallen from 3.67 to 
2.23 gm. (Chart 1). The patient had received 6 gm. of sodium 
chloride daily for 4 days before the edema was noted and for 6 days 
thereafter. A rise in albumin to 3.2 gm. in 12 days was accom- 
panied by disappearance of the edema, a loss of 7.5 pounds in body 
weight, and a fall in the plasma chlorides from 110.9 to 98.1 milli- 
equivalents per liter (normal 99 to 106 milliequivalents). A third 
patient (T. G.) developed edema of the ankles and puffiness of the 
bands and face when albumin had fallen from 4.13 to 2.89 gm. 
(Chart 2). He had received no additional sodium chloride during 
therapy. The plasma chlorides, however, increased from 104.1 to 
108.6 milliequivalents per liter when edema was first noted. The 
edema persisted for 14 days during which time albumin rose to 
3.7 gm. but plasma chlorides remained unchanged. A fourth 
patient gained 2.5 pounds in body weight, but with no clinical 
evidence of edema when albumin had fallen from 4.37 to 2.73 gm. 
Albumin rose to 3.6 gm. within 3 days and body weight fell 2.5 
pounds. The laboratory findings on each of the above patients 
revealed no evidence of nephritis as a result of the malaria. 

Discussion. The important physical factors which determine the 
flow of fluid from the tissues into the blood stream and in the reverse 
direction are the osmotic and hydrostatic pressure of the fluids in 
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the capillaries would be increased. Veil 16 found that when large 
amounts of sodium chloride were taken, a rise in blood sodium 
chloride and a great increase in blood water first occur, followed by 
a pouring out of salt and water into the tissues and a return of the 
blood chloride value to normal. Blood plasma volume may also be 
increased because of the secondary anemia present in malaria. 4 
The blood plasma volume of patients with Epstein’s nephrosis, 
however, is diminished. 1 In this condition plasma proteins, espe- 
cially albumin, are considerably reduced, serum chlorides are above 
normal if altered at all and edema may be generalized and marked. 
The low plasma albumin and osmotic pressure values of patients 
during malaria are factors against the presence of a significantly 
increased blood plasma volume. Increased hydrostatic pressure 
does not occur, since signs of increased venous pressure are not seen. 

Conclusions. 1. Marked disturbances with a reduction of the 
plasma proteins occur in malarial fever. Albumin values fall pro- 
gressively to critical levels at which edema may occur. Globulin, 
as a rule, shows a progressive increase after the first few paroxysms, 
reaching its highest level at a time when albumin values are about 
lowest. Fibrinogen values fluctuate considerably and in 3 of 7 pa- 
tients were reduced below pre-febrile levels. 

2. The termination of malarial fever is followed by an immediate 
and continued rise of albumin and a delayed but progressive drop 
of globulin from its highest level so that normal values are obtained 
in from 10 to 24 days. Fibrinogen values return to normal within 
1 week’s time. 

3. The albumin-globulin ratio falls rapidly during malaria reach- 
ing levels of 1 or below after 10 to 12 paroxysms have occurred. 

4. The dependent or generalized edema occurring during the 
course of therapeutic malaria in patients free from renal damage 
or cardiac failure, is the result of a reduced osmotic pressure caused 
by a marked fall of the albumin fraction to levels of 3 gm. per 100 cc. 
or below. 
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of hemoglobin per 100 ce. of blood and 3 3 500,000 red cells per e.mm. 
or less. Not all patients, however, develop edema at these levels. 
Peters and Eisenman 12 observed that edema occurred at a higher 
level of serum albumin (4%), and at a higher osmotic pressure 
(26 mm. of mercury) in patients with anemia (10.9 gm. hemoglobin 
per 100 cc. or less). Alteration of capillary pressure and increased 
capillary permeability from less perfect oxygenation were thought 
to play some part. The low red cell count was probably of impor- 
tance, since it has been shown that red blood cells per se produce an 
osmotic pressure effect. 11 

The daily intake of 4 to 6 gm. of sodium chloride during malaria 
is of importance, since the addition of large doses of sodium chloride 
(13.5 gm.) to hypoproteinemic animals frequently precipitates 
edema at albumin levels at which the animal was previously edema- 
free. 15 Edema may be produced even in healthy persons by the 
administration of large quantities of salt, followed by the drinking 
of copious amounts of water. 10 Moderately increased plasma chlo- 
ride values were obtained on 2 of our 7 patients at the time of 
the onset of the edema, and at albumin levels of 2.89 and 2.23 gm. 
One patient (Chart 1) had received 6 gm. of sodium chloride daily 
for 4 days prior to the appearance of generalized edema and its 
continued daily intake thereafter for 6 days was accompanied by 
an intensification of the edema and persistently increased plasma 
chloride values. Omission of the sodium chloride was followed by 
a fall in plasma chloride values to normal, accompanied by a rise in 
serum albumin to 3.2 gm. and a rapid disappearance of the edema 
over a 6-day period. The second patient (Chart 2) developed an 
increase in plasma chlorides from 104.1 to 108.6 milliequivalents per 
liter, despite the fact that no additional sodium chloride was 
administered during malaria. This was associated with the appear- 
ance of dependent edema and puffiness of the hands and face, but 
to a less marked degree than in the former patient. The edema 
disappeared after 14 days during which time albumin rose to 3.7 gm., 
but plasma chloride values remained approximately the same. 
Though the edema of therapeutic malaria is accompanied by chlo- 
ride (i. e., sodium) retention, the latter is only a contributing and 
not the important factor in its production. Increased plasma chlo- 
ride values occur in patients with suppression of urine, yet edema 
does not occur. 16 Our findings indicate that sodium chloride intake 
should be limited during therapeutic malaria, since large amounts 
may hasten the appearance of edema at a time when plasma albu- 
min and colloid osmotic pressure are reduced. Nevertheless even 
though sodium chloride intake is limited, edema may still occur. 

An additional important factor to be considered is the possible 
production of an hydremia due to increased sodium chloride intake. 
Were this so, serum protein values would diminish as a result of 
the increased blood plasma volume and hydrostatic pressure within 
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although in 1 case they were first seen on the day after a hemorrhage 
from peptic ulcer. Coincident with their appearance there is a 
transitory decreased fragility of the erythrocytes; the latter phe- 
nomenon is well known. The following case illustrates the course 
of events: 

Case Abstract. Case 1.— A woman, aged 23, lost considerable blood 
during and following the delivery of her second child. On the second post- 
partum day her erythrocyte count was 3.4 million, her hemoglobin 67% 
(Sahli). Color index 0.98. There were no target cells, the stained smear 
appeared normal. The next day a few polychromatophilie erythrocytes 
were present and some of these were target cells. On the fourth and fifth 
postpartum days polychromatophilie cells were more numerous (between 
1 % and 2%) and nearly even - one was a target cell. None of the normally 
stained cells were target forms. In the next few days the number of poly- 
chromatophilic cells diminished, as did the target cells and a few target 
forms were seen in acidophilic cells. The important point is that at one 
stage only those cells showed the target form which by their polychromatophilia 
indicated their recent formation in response to the blood loss. By the time 
of the patient’s discharge from the hospital on the twelfth postpartum day 
the erythrocyte count was 4.1 million, hemoglobin 76%, color index 0.92. 
The stained smear appeared normal; there were no polychromatophilie cells 
and no target cells. 

In most cases, target cells are seen only after a moderately severe 
hemorrhage. Occasionally the loss of blood is slight, as the follow- 
ing case illustrates. 

Case 2.— A woman received a laceration of the scalp in an automobile 
accident. Bleeding was, according to her, profuse, but it was stopped in 
about 45 minutes. No blood count was made until the fourth day later, 
when it was found to be 4.5 million; 2% of the erythrocytes were target 
cells. Three days later target cells had disappeared although the erythro- 
cyte count had not changed. 

Target cells are usually of norma! diameter. In the stained smear 
they are made up of a rim of hemoglobin-containing material and a 
central hemoglobin-containing area, the two areas being separated 
by a zone which is clear, unstained. Barrett conjectured that this 
appearance was due to a central knob-like projection in a cup or 
bowl-shaped cell, and showed that a body of such shape would look 
like a target when viewed on the broad surface. That this is actu- 
ally the shape of the cell can be seen by oblicpie illumination of dry 
smears- 6 or in bas-relief photographs (Fig. 1). Variations from the 
•typical target form are seen in every smear which exhibits the char- 
acteristic appearance. The central stained mass may be joined to 
the outer rim by a bar of varying thickness; or a ridge may cross the 
center of the cell, with a thickened central dot. These variations 
are probably the result both of viewing the dimpled, cup-shaped 
cell from varying angles and of differences in the distortion of the 
individual cell. 

Xo target cells are seen in wet preparations. Instead, a number 
of cell>, equivalent to the proportion which appear as target cells 
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•THE SIGNIFICANCE OF TARGET CELLS IN ANEMIA. 

By Milton G. Bohrod, M.D., 

MIAMI BEACH, FLA. 

In 1937 Haden and Evans 4 described what they termed “ dimpled” 
cells in the stained blood smear. The following year Barrett 1 de- 
scribed these cells more fully and showed that when in the circulating 
blood the cells were bowl-shaped ; that in the process of drying they 
formed a hump in the center, giving rise to what he appropriately 
named “target” cells. He also discovered that the target cells are 
very resistant to hypotonic salt solutions in vitro and noted their 
occurrence in anemias associated with obstructive jaundice and in 
severe hypochromic anemia. Haden and Evans had observed them 
in small numbers in various anemias but in large numbers in sickle- 
cell anemia. 

Their increased resistance (decreased fragility) in hypotonic solu- 
tions has been confirmed by Dameshek, 3 who found target cells in 
Cooley’s anemia, and by me. In my case 20 increased resistance 
was exhibited also to acetic acid, so thatf a leukocyte count could 
not be made until the acetic acid of the diluting fluid was increased 
to 3%. 

The nature of the target cell has not yet been elucidated and in 
the light of Dameshek’s paper is likely to be disputed. Dameshek 
reported an anemia resembling Cooley’s anemia with as many as 
32% of the erythrocytes target cells, which he designated as a 
“target cell” anemia, though he also found them in other anemias. 
He regards the target cell as a congenitally defective cell, possibly 
the fundamental defect in Cooley’s anemia, and points out that a cell 
which is hyperresistant in vitro may be hyporesistant in vivo. Cer- 
tain observations of my own, however, incline me to the view that 
the target cell is a newly formed cell, produced by the bone marrow 
in response to blood loss regardless of the cause. 

In the first place, the appearance of target cells in the stained 
blood film, far from being an unusual event, is very common. Such 
cells can be found in small numbers, up to 1% or 2%, early in the 
majority of cases of anemia. Rare ones may even sometimes be 
seen in apparently “normal” smears. In more chronic anemias the 
number is variable but they may be found in from 1% to 10% or* 
more in many cases. 

The presence of the target cells in stained smears is transitory in 
acute anemia. Often they disappear before there is a significant 
rise of the erythrocyte count, in this way resembling the reticulo- 
cyte. On several occasions they have been present for only 1 or 
2 days. Rarely are they present for as much as a week, while in 
the majority of cases they are seen for 4 or 5 days. They usually 
first appear on the third or fourth day following a hemorrhage. 
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blood stream early in the regeneration of erythrocytes and has 
practically disappeared by the time the red blood count is well on 
its way to normal. In chronic recurrent blood destruction, as in 
congenital hemolytic anemia, the reticulocyte counts may be per- 
sistently elevated. It is perhaps significant that in Dameshek’s 
“ target-cell anemia ” there was an increased number of reticulocytes, 
and that the only one of the patient’s relations who showed target 
cells also had a reticuloeytosis. 

The one stumbling block to the read}' acceptance of this simple 
concept of the target cell is the oddity of the shape of the cell. Why 
should the regeneration of blood be associated with a change of 
shape of the erythrocyte? With one assumption, namely, that the 
cell does not change its shape in vivo, it is possible to explain the 
appearance of the target cell. This assumption is not as startling 
as may at first sight appear. 

The shape of the circulating erythrocyte is unknown. While the 
majority of authors accept the biconcave disc seen on slides as the 
normal shape of the cell, there have long been dissenters to this view. 
Weidenreich 7 was perhaps the first to state that the normal form of 
the erythrocyte was a “bell-form,” basing his claim upon the 
observation of cells in the mesentery. Radasch 6 examined sections 
of placenta and also noted a bowl or bell form, and he supposed that 
the biconcave form was due to contact of the cells with the air. 
Repeatedly, bowl-shaped cells have been noted in wet smears of 
apparently normal blood and in sections of normal tissues. Maxi- 
inow and Bloom 5 summarize the status of this question : “ Although 
the fresh human erythrocytes are one of the most common objects 
of microscopic study, the question of their natural form in living 
conditions in the circulating blood is still unsettled. Some investi- 
gators claim that in reality they are not biconcave discs, but thick- 
walled, shallow cups, that is, convex-concave discs, and that the 
biconcave form is merely the result of shrinkage due to an increase 
in the osmotic pressure of the plasma during examination. It is 
possible that in the normal blood both forms, as well as all transi- 
tions between them, exist at the same time.” 

I have repeatedly noted cup-shaped cells in histologic sections of 
blood clots, most of the time in the center of the clot, where presum- 
ably there was no contact with the air. It is a simple matter to 
collect blood with little or no contact with the air, but it is not so 
simple to achieve the examination of a sufficiently thin film under 
the microscope without allowing contact with air. Some prelimi- 
nary experiments along these lines have demonstrated the presence 
of significant numbers of bowl-shaped cells in normal blood, and 
these experiments are now being continued. 

If the bowl-shaped cell is the normal form of the erythrocyte, the 
biconcave disc is the result of the deforming influence of the atmo- 
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in the stained smear, appear as shallow or, more uncommonly, deep 
bowls or cups. Rarely, the bowl shape is preserved in the dry smear 
(upper part of Fig. 1). When blood is diluted with hypotonic salt 
solutions of varying concentrations the proportion of bowl-shaped 
cells (or of target cells in dry smears) increases as the salt concentra- 
tion decreases. This is due to the hemolysis of the normal appear- 
ing cells and the preservation of the target cells. Even in distilled 
water a few target cells may resist hemolysis, and most of them 
resist hemolysis in 0.3% NaCl. The target cells are resistant to 
acetic acid in concentrations which destroy normal cells. 20 



Fig. 1 . — Bas-relief photomicrograph of target cells, made by printing through 
superimposed positive and negative films. Cover-slip dry smear, Wright stain. 
Some target cells, marked A; a bowl-shaped cell, marked B; an intermediate stage, C. 
Cells which maintain their bowl shape in dry smears are of rare occurrence. 


; There seems to be little reason for assuming that the target cell 
is a fundamentally deficient cell in any type of anemia. Certainly 
neither the frequency of occurrence nor the number of such cells in 
Cooley’s anemia is any greater than they are in sickle-cell anemia 
or in cases of acute blood loss. The common occurrence of target 
cells, if watched for, in the early phases of regeneration of blood does 
not indicate that this cell is congenitally malformed in the same 
sense as the sickle cell, the elliptical cell, or the spheroeyte. The 
target cell is merely a hyperresistant young cell which appears in 
the blood following loss of blood. If the loss is chronic the cells 
niay be present constantly and in large numbers. Its occurrence is 
analogous to that of the reticulocyte, which also appears in the 





S74 


MAC NEAL, FOSTER: STAPHYLOCOCCIC MENINGITIS 


hemolytic action of hypotonic saline and to acetic acid has been 
demonstrated. 

5. The contention that the target cell represents the fundamental 
defect in Cooley’s anemia seems to be unjustified. It is simpler, 
in the light of available evidence, to regard the target cell in this 
disease, as in sickle-cell anemia and many other anemias, as a 
response to the blood destruction rather than the cause of it. 
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TWO CASES OF STAPHYLOCOCCIC MENINGITIS TREATED WITH 
ASPARAGIN BACTERIOPHAGE. 

By Perry S. MacXeal, AI.D., 

RESEARCH FELLOW, MEDICAL SERVICE 41 B,” PENNSYLVANIA HOSPITAL, 
PHILADELPHIA, PA., 

AND 

D. Bernard Foster, M.D., 

INSTRUCTOR IN NEUROLOGY, UNIVERSITY OF MICHIGAN MEDICAL SCHOOL, 

ANN ARBOR, MICH. 

(From the Department of Internal Medicine, University of Michigan Hospital.) 

Recoveries from meningitis in which the Staph, aureus is the 
offending organism are sufficiently uncommon to suggest that the 
therapeutic agent employed in a successful case may have been 
responsible for the favorable outcome. Survival of patients with 
this highly fatal lesion has been reported following the use of various 
procedures and combinations of therapeutic agents. Up to Febru- 
ary, 1941, there had been reported in the American and British 
literature 15 such recoveries. The treatments used in these cases 
were as follows: 

Case 1 : Repeated transfusions of blood and surgical drainage 
of the cisterna rnagna. 5 

Case 2: Sulfanilamide by mouth. 3 

Case 3: Sulfapyridine by mouth. 7 

Case 4: Repeated lumbar punctures, cisternal tap, blood trans- 
fusions, intravenous fluids, staphylococcus antitoxin intravenously 
and intrathecally, and sulfanilamide intrathecally and by mouth. 11 

Case 5: Staphylococcus antitoxin intrathecally, intramuscu- 
larly, and “ Prontosil” intramuscularly. 6 

Case G: Lumbar puncture, blood transfusions, antimeningo- 
coceus serum, and sulfanilamide. 5 
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sphere.* A change in shape of the cell after it is removed from the 
body is not a new concept. The sickle cell is not sickle shaped 
within the blood stream but becomes so when exposed to increased 
carbon dioxide tension. There* is reason to suppose 20 that the 
eccentricity of the elliptical cell increases after removal from the 
body. In line with this assumption, the target cell is one which re- 
sists the action of the atmosphere toward biconcavity and maintains 
a modification of its normal intravascular shape. Its increased re- 
sistance to the atmosphere is correlated with its increased resistance 
to the hemolytic action of hypotonic solutions and to acetic acid. 

It should be pointed out that, however valuable these increased 
resistances may be for the recognition or isolation of the target 
cells, the functional value of the hyperresistant cells must lie in 
some other form of increased resistance not yet recognized. The 
normal cell within the body is not exposed to the atmosphere, nor 
to solutions of markedly lowered osmotic pressure, nor to' acids. 
Its reactions are the opposite of those of the spherocyte. The 
laboratory examination of this latter cell utilizes its diminished 
resistance to hypotonic salt solutions, but it is merely an indication 
and not the property of , the cell which is responsible for the increased 
hemolysis in vivo; for the blood in congenital hemolytic anemia, or 
in any other known condition, never reaches the degree of hypo- 
tonicity which would hemolyze the abnormal cells. 

No evidence has yet been presented to support the contention 3 
that the target cell, hyperresistant in vitro , is in vivo more friable 
than the usual erythrocyte, and that the destruction of such cells 
leads to a hemolytic anemia, Cooley’s anemia. Until such evidence 
is forthcoming, it is simpler to conceive of these cells as produced 
following the increased destruction of blood. In Cooley’s anemia 
the cause of this destruction is as yet unknown, and no fundamental 
defect of the erythrocyte can yet be said to have been demonstrated. 

Conclusions. 1. Target cells are commonly seen in the regenera- 
tion of blood, regardless of the cause of the blood loss. 

2. In acute anemias they are present for only a short time early 
in the regenerative phase, and they have disappeared by the time a 
significant rise of erythrocyte count is evident. In chronic anemias 
they may be present over long periods of time. 

3. The question of the normal shape of the circulating erythrocyte 
should be reexamined. It is possible, but not yet proven, that the 
target cell preserves the bowl shape of the intravascular cell in 
modified form and resists deforming influences which are responsible 
for producing the biconcave disc seen in blood outside the body. 

4. The target cell is a hyperresistant cell produced by the bone 
marrow in response to the blood loss. Increased resistance to the 

* word atmosphere is here used very loosely to include all those influences 
which may affect the blood cells once they are removed from the body. 
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asparagin bacteriophage* and to add the recovery of one of them 
to the list of 15 already recorded. 
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Case 7 : Intraventricular gentian violet. 9 

Case 8: Intravenous gentian violet. 2 

Case 9: General supportive measures. No “specific” treatment. 1 

Case 10: Antimeningococcus serum intrathecally, antistrepto- 
coccus serum plus 1:4000 dilution of acriflavine intrathecally, 
5 cc. of commercial bacteriophage preparation plus 1:4000 acri- 
fiavine intrathecally, and (following isolation of the specific organ- 
ism) 5 cc. of commercial bacteriophage intrathecally at 24-hour 
intervals for four doses. 4 

Case 11: Broth bacteriophage intrathecally. 17 

Case 12: Broth bacteriophage intrathecally. 17 

Case 13: Sulfanilamide, blood transfusions, and repeated lumbar 
punctures. 12 . 

Case 14: Broth bacteriophage intrathecally. 18 

Case 15: Sulfathiazole intravenously, subcutaneously, by mouth, 
and intrathecally. 15 

In order to gain additional insight into this problem the records 
of all patients with bacteriologieally proven Staph, aureus meningitis 
seen at this hospital from 1925 through 1940 were reviewed. Of 
these, there were 17. One patient who received massive doses of 
staphylococcus antitoxin (320,000 units), and sulfapyridine by 
mouth until the blood level reached 8 mg. per 100 cc., was dis- 
charged as cured, but personal investigation by one of us (D. B. F.) 
discovered that this patient suffered a relapse at home and suc- 
cumbed to the infection. 

During this study there was discovered a large group of patients 
on whom the diagnosis of “purulent meningitis” had been made but 
bacteriologic proof of the exact etiologic factor had not been obtained. 
In these cases culture of the cerebrospinal fluid either was not 
performed or showed no growth. In all cases, however, the spinal 
fluid was described as “purulent” and the clinical syndrome did 
not suggest luetic, tuberculous or “sterile” meningitis. These 
eases were also studied because of the possibility that in some 
of them the staphylococcus might have been the infecting organism. 
In this group there were 81 patients of whom one survived. This 
was a 16-month-old infant with an infected myelomeningocele 
whose spinal fluid contained “excessive numbers” of leukocytes. 
Bacteriologic examination was not performed. Following surgical 
excision of the myelomeningocele recovery was prompt. 

The mortality rate, therefore, in the 17 cases of bacteriologieally 
proven staphylococcic meningitis was 100%, and in the “purulent” 
group was 98.7 %. From the fact that only 15 recorded recoveries 
could be readily found in the English literature we believe that it 
may be safely assumed that the general mortality rate from staphy- 
lococcic meningitis does not vary to any great extent from the 
above figures. It is our purpose here, therefore, to describe the 
treatment of 2 patients suffering from this disease by means of 
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that there existed a small pustule about 5 cm. from the site chosen for 
insertion of the needle. The fluid removed at this time showed 109 ljunpho- 
cytes per c.mm. and a gold sol curve of 5555421000. Within 4 hours 
following this procedure the patient suffered a shaking chill with rise of 
temperature to 104° F. Lumbar puncture the following morning (Aug. 25) 
revealed 1350 cells per c.mm., nearly all of which were neutrophils. At 
this time it was noted that nuchal rigidity and Ivernig’s sign were present. 
Culture of the fluid taken at this time revealed, 36 hours later, a profuse 
growth of Staph, aureus. Before the bacteriologic report was available 
sulfanilamide was begun by mouth, 1 gm. every 4 hours. This was admin- 
istered on Aug. 26 and 27. When the bacteriologic examination revealed 
that the noxious microbe was the staphylococcus, bacteriophage therapy 
was begun at once and the sulfanilamide discontinued. Because of the 
possibility' of a concurrent septicemia, a blood culture was taken and intra- 
venous bacteriophage begun at the same time according to a dosage sched- 
ule previously outlined. 10 Thus, on Aug. 2S, 115 cc. were given intra- 
venously in divided doses and 14 cc. of the 1:4 dilution with 0.4% saline 
were administered intrathecally (3.5 cc. of actual bacteriophage). On 
Aug. 29, and subsequent days until Sept. 4, 20 cc. were given intravenously 
morning and afternoon. Larger doses were not employed because the 
blood remained sterile. The intrathecal dose varied from day to day, 
depending in part on how much of the spinal fluid could be withdrawn; in 
general, about two-thirds of the amount of fluid removed was replaced 
with the hypotonic dilution of bacteriophage. Thus the patient received 
intrathecal doses of 1:4 dilution in the-amounts of 20 cc. on Aug. 29, 10 cc. 
on the 30th, 22 cc. on the 31st. None was given on Sept. 1, but the patient 
received 6 cc. on the 2d, 7 cc. on the 4th, and 10 cc. on the 6th. On Sept. 1 
rather large doses of hyoscine were given in an effort to control acute mania 
and this was followed by marked reduction in respiratory rate, fall in 
blood pressure, and deep cyanosis. However, he rallied from this “low.” 
On Sept. Sth he received 12 cc. intrathecally; on the 11th, 17 cc.; on the 
13th, 14 cc.; on the 15th, 12 cc.; and on the 17th his final intrathecal injec- 
tion of 10 cc. 

Laboratory findings revealed negative blood cultures on Aug. 25 and 28. 
Cultures of the spinal fluid revealed pure growth of Staph, aureus on 
Aug. 25, 26 and 30. No growth occurred on specimens obtained on Sept. 2, 
14 and 20. Stained smears of the spinal fluid revealed Gram-positive cocci 
in clumps on Aug. 25, 26, 2S, 29, 30, 31, and on Sept. 4, 6 and S. No organ- 
isms could be seen on Sept. 11, 13 or 15. The patient was discharged from 
the hospital as cured 30 days after his original admission. 

This patient had been admitted originally with the intention of admin- 
istering malarial hyperpyrexia as treatment for the luetic involvement of 
the central nervous system. It is interesting to note that 2 months after 
his bout of fever due to the meningitis he returned to the hospital feeling 
well and 20 pounds heavier than he had been previously. Malarial ther- 
apy was subsequently administered without mishap. The clinical course 
of the meningitis is outlined in tiie accompanying chart. 

Case 2. — It. T. (Univ. of Michigan IIosp. No. 270059), a 20-ycar-old 
white male, had first been seen here in July of 1931 at the age of 11, suffer- 
ing from acute osteomyelitis of the femur. Over the next S years, despite 
repeated surgical intervention, the process spread to involve the left femur, 
right metatar-als, right ulna, left radius, right femur, both mastoid areas, 
left tibia, right humerus, left metatarsals, left fibula and tibia, left humerus, 
and the left knee. Each of these areas had been treated surgically on at 
least one occasion. Cultures of the pus from each site had shown pure 
growth of Staph, aureus. Throughout this period repeated blood cultures 
had always been negative. 
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NOTE ON LOCALIZED LIPOID ATROPHY IN DIABETES. 

By Zoltox T. Wirtschafter, M.D., 

CLINICIAN IN CHARGE, DIABETIC CLINIC, MOUNT SINAI HOSPITAL OF CLEVELAND; CLINI- 
CAL INSTRUCTOR IN MEDICINE, WESTERN RESERVE UNIVERSITY, CLEVELAND 

CITY HOSPITAL, 

AND 

Edward D. Schwartz, M.D., 

ASSISTANT CLINICIAN, DIABETIC CLINIC, MOUNT SINAI HOSPITAL OF CLEVELAND, 

CLEVELAND, OHIO. 

(From the Diabetes Clinic, Department of Medicine, Mt. Sinai Hospital.) 

Numerous cases of localized fat atrophy at the site of insulin 
injections in diabetic individuals have been described by various 
authors since the first cases were reported by Barborka 1 and Depisch 4 
in 1926. The atrophy is usually first observed about 3 months after 
insulin administration is instituted, although it may appear later. 
The great majority of the cases reported in the literature have 
occurred in women and children, the lesion being cpiite rare in adult 
males. In a diabetes clinic with an enrollment averaging about 
300 patients, we have seen only 2 cases of fat atrophy in a period of 
4 years, 1 in a young girl and the other in an adult female. 

The etiology of this condition remains obscure, although many 
theories have been proposed by the various authors who have 
reported cases. However, disappearance of the atrophy has been 
reported by several authors. Chapman 3 observed disappearance of 
the lesion in a patient 2} years after omitting insulin entirely. 
Nichols 6 reports regeneration of fat during a period of 3 years after 
changing the site of injections. The general conclusion of all 
authors, regardless of etiologic theories, was that repeated injections 
in a localized area should be avoided in order to prevent the occur- 
rence of fat atrophy following insulin administration. That recovery 
may take place without variation of the site of injection is demon- 
strated by one of the cases which came under our observation. 

Case Report. L. G., female, age 10 years, was first admitted to this 
hospital on January 26, 193S, in acidosis. She recovered after the usual 
treatment and was discharged 10 days after admissiomon a diet of 60 gin. 
protein, 200 gm. carbohydrate, and 50 gm. fat. A single dose of 40 units 
of protamine zinc insulin in the morning sufficed to control the glycosuria 
satisfactorily throughout the day. 

Due to poor cooperation at home and to the somewhat subnormal men- 
tality of the patient, the prescribed diet was not followed closely and, as a 
result, the patient had frequent periods of marked glycosuria. The addi- 
tion of a dose of regular insulin did not improve the degree of control ob- 
tained. Following her return from a private diabetic camp in August, 193S, 
approximately 7 months after insulin was first administered, fat atrophy 
over both upper arms was first observed (Fig. 1). She had had no swelling, 
redness or pain at the site of injections in the amis at any time. Her 
mother was advised to transfer the site of injections to the thigh which had 
not been Used heretofore. 
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On Sept. 22, 1939, the left ulna was incised and drained because of 
further extension of the osteomyelitic process. The evening of that day 
he developed left facial palsy of the peripheral type. On October 2 the left 
ear began to drain and paracentesis of this drum was performed in an effort 
to improve drainage. On October 6 definite signs of meningitis developed 
and on the following day a radical mastoidectomy was performed on the 
left side. Because all previous cultures from wounds had yielded Staph, 
aureus it was thought likely that the meningitis was due to this same organ- 
ism and treatment was begun with asparagin bacteriophage in divided 
doses intravenously 10 on the day of the mastoidectomy (Oct. 7), the patient 
receiving a total of 50 cc. on this date. Lumbar puncture was postponed 
to the following day, due to the inability of the patient to cooperate. On 
Oct. 8, therefore, he received 17 cc. of the hypotonic solution intrathecally. 
With but slight variation this dose was repeated daily through Oct. 16, 
the day of the patient's death. In addition, he received 20 cc. morning 
and night by the intravenous route. The initial culture of the spinal fluid 
taken on Oct. 6 showed pure growth of Staph, aureus. On Oct. 10 a report 
was received that the fluid drawn the day before contained not only the 
staphylococcus but also many colonies of Strep, viridans. Because of this 
fact and the realization that bacteriophage was not effective against the 
streptococcus, sulfapyridine was administered by mouth in doses of 1 gm. 
every 4 hours from Oct. 10 to Oct. 15. Under this combined therapeutic 
regimen the spinal fluid became sterile on Oct. 11 and additional cultures 
obtained on Oct. 12, 13 and 14 revealed no growth. The patient failed to 
realize this, however, and his course continued downhill until he ceased to 
breathe on Oct. 16. Postmortem examination was not permitted. 

Summary. 1. Recoveries from meningitis due to the Staph, 
aureus are uncommon — the general rate of mortality being in all 
likelihood between 98% and 100%. 

2. Reference is made to 15 cases of this disease followed by 
survival of the patient, and the treatment employed in each is 
briefly mentioned. 

3. Two cases treated with asparagin bacteriophage intravenously 
and intrathecally are presented. The recovery of one of these is 
noted and the treatment outlined in detail. 
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associated with growth of the child and with considerable normal fat deposi- 
tion elsewhere, as noted in the photograph. During this period of 1 year 
the patient gained over 10 pounds in weight. 

Certain significant problems present themselves when one consid- 
ers the etiology of subcutaneous fat atrophy following the injection 
of insulin. If the sole cause of tire atrophy is the repeated injection 
of insulin in one area, the rarity of the lesion is certainly remarkable. 

It is quite safe to surmise that especially in the average out- 
patient department, where patients who disregard instructions are 
not uncommon, there are many diabetics who' inject their insulin 
within the confines of a relatively small area. Yet, Rosenberg and 
Berliner 7 observed fat atrophy in only 32 out of -4000 diabetics 
receiving insulin, an incidence of less than 1%. It is highly prob- 
able that such factors as inflammation or cell injury are not the 
sole factors involved, since these undoubtedly occur after the injec- 
tion of substances other than insulin. That the presence of dia- 
betes is not essential to the occurrence of atrophy after insulin 
injection is demonstrated by a case described by Blotner 2 in which 
insulin injections were administered to a non-diabetic in the treat- 
ment of undernutrition. Fat atrophy identical in appearance to 
that occurring in diabetics after insulin administration developed in 
this patient. 

It appears quite likely that some intrinsic factor in certain patients 
makes them susceptible to this condition and that when this factor 
is eliminated, spontaneous recovery occurs. Joslin 5 states that the 
condition occurs exceptionally in patients whose diabetes is con- 
trolled. It is quite probable that this plays a significant part (as 
in the present case), but in view of the rarity of this condition 
among diabetics including those poorly controlled and its occurrence 
in non-diabetics, another factor in fat metabolism undoubtedly plays 
an important role. 

Conclusion. Although repeated injection of insulin within a re- 
stricted area is not advisable on general principles, this case appears 
to indicate that recovery from localized fat atrophy may occur in 
spite of continued injection of insulin in and around the involved area. 
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On August, 24, 1938, the patient was hospitalized in mild ketosis which 
rapidly cleared up under treatment. At this time she was receiving 1 dose 
of protamine zinc insulin and 2 doses of regular insulin in her thighs. The 
atrophy in the arms had shown slight progress. 



Fig. 1. — Marked lipoid atiophy (7 months after fiist administration of insulin). 



Fig. 2. — Reeoveiy fiom localized fat atiophy in spite of continued injection of insulin 
in and aiound the involved aiea. 


Fat atrophy in both thighs was first observed on May 17, 1939. The 
condition of the upper arms had shown no improvement at this time but 
had continued to progress although no insulin was being given in the arms 
at this time. It was decided to continue injections in the thighs and arms 
m order to determine if recovery would occur even though injections were 
continued in and around the areas of atrophy. During the following year 
the degree of control of diabetes in this case improved considerably, although 
not to the extent of being entirely satisfactory for any prolonged period of 
time. Nevertheless, gradual and complete restoration of subcutaneous fat 
in both arms and thighs occurred. The appearance of the arms on June 26, 
1940, is illustrated in Figure 2. This restoration of subcutaneous fat was 
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Cardiac Clinics. A Mayo Clinic Mouograpli. By Fredrick A. Willius, 
B.S., M.D., M.S., in Med., Head of Section of Cardiology, Mayo Clinic, 
and Professor of Medicine, Mayo Foundation for Medical Education and 
Research, Graduate School, University of Minnesota, Rochester, Minn. 
Pp. 276 ; 35 figures. St. Louis: The C. V. Mosby Company, 1941. 
Price, $4.00. 

According to the author’s foreword: “These brief informal discussions 
appeared without special order of subject matter in the Proceedings of the 
Staff Meetings of the Mayo Clinic. . . . The guiding idea was a desire to 
present concise practical discussions dealing with the heart, intended primar- 
ily for the busy general practitioner of medicine, who usually is accorded 
little consideration by medical authors. It was on this account that all the 
discussions were brief; each could be read in less than ten minutes, and this 
brevity has been maintained.” 

The Reviewer agrees that the general practitioner can find much inter- 
esting information in this little book. W. J. 


Strange Malady. The Story of Allergy. By Warren T. Vaughan, M.D. 

Pp. 268; 3S illustrations. New York: Doubleday, Doran & Company, 

1941. Price, $3.00. 

This is the second in a series of non-technical books sponsored by the 
American Association for the Advancement of Science and addressed to the 
intelligent jay public. The Association is to be doubly congratulated, both 
on the choice of subject and the choice of the author. It is a conservative 
estimate that a third of all people experience allergy in themselves or their 
relatives. The recognition and especially the treatment of the manifes- 
tations of allergy' therefore depend to a considerable extent upon the intelli- 
gent cooperation of the patient and his family. The author brings to his 
task not only a profound knowledge of his subject but the happy faculty 
to present in a vivid, fascinating and lucid manner the complexities of 
theory' that clutter this field. Thus the abstractions of the side-chain theory, 
of immunity, and of anaphylaxis are made clear and understandable to 
everyone. Physicians as well as laymen will find this book valuable as 
well as interesting reading. R. Iv. 


Handiiook of Communicable Diseases. By Franklin II. Top, A.B., 
M.D., M.P.H., Director, Division of Communicable Diseases and 
Epidemiology', Herman Kiefer Hospital and Detroit Department of 
Health, etc., and Collaborators. Pp. 6S2; 73 illustrations and 10 color 
plates. St. Louis: The C. V. Mosby Company, 1941. Price, $7.50. 
The purpose of this book is to furnish practical information for all persons 
whose professional duties necessitate contact with certain communicable 
diseases. Thus it will prove to be a handy text not only' for students, prac- 
titioners of medicine, and nurses, but also for lay' personnel in health de- 
partments. The first section deals with general considerations applicable 
to communicable diseases, with chapters on infection and immunity, 
epidemiology, regulations governing control of communicable diseases, 
specific prevention, serum and serum reactions, management of com- 
municable diseases in the home, in the hospital. The second section is 
devoted to the individual diseases, classified by common portal of entry;. 
The third section includes tables epitomizing the contagious disease experi- 
ence iu the Herman Kiefer Hospital over a 10-year period, including com- 
plications and diagnostic problems; a table listing the case, contact, and 
duelling status of reportable infectious diseases under the laws of Detroit; 
a glossary of nearly 400 medical terms. While not sufficiently detailed to 
serve as a general work of reference, the book Is entirely adequate for prac- 
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Elimination Diets and the Patient’s Allergies. A Handbook of 
Allergy. By Albert H. Rowe, M.D., Lecturer in Medicine, University 
of California Medical School, San Francisco, California; Consultant in 
Allergic Diseases, Alameda County Hospital, Oakland, California. 
Pp. 264. Philadelphia: Lea & Febiger, 1941. Price, $3.00. 

Elimination diets have proved a valuable aid in the diagnosis and 
treatment of food allergy. As their leading exponent, the author of this 
volume presents yet further improvements in their application, based on a 
wider experience and accumulated knowledge. Important modifications 
include a fruit-free diet, a cereal-free diet, diets without cottonseed oil and 
shortening, elimination diets for diabetics, for the young, the obese and the 
undernourished. Detailed instructions are given, including sample menus 
and recipes. In addition there are chapters on the diagnosis of allergy in 
general, its manifestations and its control, furnishing an adequate clinical 
survey of the subject. In the appendix is much practical information, 
including questionnaires and history forms for eliciting the history in cases 
of allergy; food diary forms; directions for the administration of pollen 
antigens; a botanical classification of edible plants; a list of the ingredients 
of many commercial foods; the vitamin content of foods; and many recipes. 
The chief characteristic of the book is its highly practical clinical approach, 
which should recommend it both to practitioners and allergists. R. K. 


Theory of Occupational Therapy for Students and Nurses. By 
Norah A. Haworth, M.A. (Cantab.), M.R.C.S., L.R.C.P., D.P.M., 
Late Senior Assistant Medical Officer, Severalls Mental Hospital, Col- 
chester, and Honorary Assistant Physician, Lady Chichester Hospital 
for Functional Nervous Diseases, Hove, and E. Mary MacDonald, 
Principal, Dorset House School of Occupational Therapy, and Occu- 
pational Therapist in Charge of the Allendale Curative Workshop, 
Bristol, with a Foreword by Sir Robert Stanton Woods, .M.D., 
F.R.C.P., Consultant Adviser in Physical Medicine to the Ministry of 
Health, etc. Pp. 132; 81 illustrations. Baltimore: The Williams & 
Wilkins Company, 1941. Price, $2.00. 

An elementary and concise statement of the uses and methods of appli- 
cation of occupational therapy, this book was written for nurses and for 
students of the subject, but it would prove instructive and stimulating 
reading for many physicians. Psychiatrists and orthopedists have of course 
long known the therapeutic value of productive activity, but many intern- 
ists, surgeons and other members of the staffs of general hospitals give too 
little thought to this therapeutic measure, and would do well to obtain an 
orderly viewpoint of the subject by browsing through this little volume. 
It discusses occupational therapy in the treatment of mental disorders, in 
mental nursing, in the treatment of tuberculosis and cardiac disease, in the 
treatment of surgical and orthopedic cases; and considers the problems of 
finance, equipment, stocking, storage and use of waste materials in occu- 
pational therapy. There are appended drawings and descriptions of suitable 
apparatus; lists of suppliers (British) of materials and apparatus; and a 
considerable bibliography of all aspects of the subject. R. K. 
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Journal of Technical Methods and Bulletin of the International Association of 
Medical Museums, No. XXI, October, 1941. Editorial Board: Robert 
A. Moore, Editor, J. Ludwig Aschoff, J. Earle Ash, William Boyd, 
Virgil H. Cornell, Tracy B. Mallory, Matthew J. Stewart, 
Carl Y. Weller. Pp. SS; illustrated. Toronto: International Asso- 
ciation of Medical Museums, 1941. 

The Symposium in this number on the use of x-rays in pathology is of especial 
interest. The single article on congenital cardiac malformations reminds one of 
the prominent part that this journal has taken in the past in presenting the 
English-speaking literature on this subject. It is to be hoped that with Dr. Abbott’s 
death this feature will not be lost. E. K. 

Epilepsy and Cerebral Localization. A Study of the Mechanism Treatment 
and Prevention of Epileptic Seizures. By Wilder Penfield, Litt. B., 
M.D. (Johns Hopkins), D.Sc. (Oxon., Princeton), Professor of Neurolog}' 
and Neurosurgery, McGill University; Director of the Montreal Neuro- 
logical Institute, and Theodore C. Erickson, M.A., M.Sc., M.D. 
(Minnesota), Ph.D. (McGill), Associate Professor of Surgery, University 
of Wisconsin. Chapter XII by Herbert H. Jasper; Chapter XX by 
M. R. Harrower-Erickson. Pp. 623; 163 illustrations. Springfield, 
111.: Charles C Thomas, 1941. Price, SS.QO. 

Teaching Preventive Medicine to Medical Students. With Special Reference 
to the Use of Health Department Facilities. By Hugh R. Leavell. 
M.D., Dr. P. II. Pp. 77. New York: The Commonwealth Fund, 1941. 

Strange Malady. The Story of Allerg}'. By Warren T. Vaughan, M.D. 
Pp. 268; 38 illustrations. New York: Doubleday, Doran & Company, 
1941. Price, S3.00. (Review, p. 8S4.) 

NEW EDITIONS. 

Practical Methods in Biochemistry. By Frederick C. Koch, Frank P. 
Hixon Distinguished Service Professor of Biochemistry, University of 
Chicago. Pp. 314; illustrated. Third Edition, revised. Baltimore: 
The Williams & Wilkins Company, 1941. Price $2.25 

In this edition new methods for uric, lactic and pyruvic acids have been added. 
Except for typographical corrections, no other changes have been made in this 
excellent laboratory manual. D. W. 

Diseases of the Blood and Atlas of Hematology. With Clinical and Hema- 
tologic Descriptions of the Blood Diseases Including a Section on Technic 
and Terminology. By Roy R. Kracke, M.D., Professor of Bacteriology, 
Pathology and Laboratory Diagnosis, Emory University School of 
Medicine; Pathologist to the Emory University Hospital, etc. Pp. 692; 
46 text illustrations and 54 color plates. Second Edition, thoroughly 
revised, reset and enlarged. Philadelphia: J. B. Lippincott Company, 
1941. Price, $15.00. 

77ie Modern 1'rcatment of Syphilis. By Joseph Earle Moore, M.D., 
Associate Professor of Medicine, The Johns Hopkins University; Phy- 
sician-in-charge Syphilis Division of the Medical Clinic and Visiting 
Physician, The Johns Hopkins Hospital, etc. With the Collaboration of 
Jarold E. Kemp, M.D., Associate in Venereal Diseases, The Johns 
Hopkins University; Harry Eagle, M.D., Passed Assistant Surgeon, 
United States Public Health Service and Lecturer in Medicine, The 
Johns Hopkins University; Paul Padget, M.D., Associate in Medicine, 
The Johns Hopkins University, and Mary Stewart Goodwin, M.D., 
Instructor in Pediatrics, The Johns Hopkins University. Pp. 674 ; 9S 
illu.-trations. Second Edition. Springfield, 111.: Charles C’ Thomas, 
1941. Price, 87.00. 



NEW BOOKS 


885 


tical purposes. The general level of excellence is of a high order. Features 
worthy of separate mention are: the general discussions of control and pro- 
phylaxis; the chapters on management of communicable diseases in the 
home and in hospital (written by nurses); the tables on communicable 
disease statistics from the Herman Kiefer Hospital; the many excellent 
illustrations. In a few instances the description of specific prophylaxis is 
not sufficiently detailed. The book should find a wide appeal. R. K. 


NEW BOOKS. 

William Henry Welch and the Heroic Age of American Medicine. By 
Simon Flexner, and James Thomas Flexner. Pp. 539; illustrated. 
New York: The Viking Press, 1941. Price, S3. 75. 

A Manual of the Treatment of Fractures. By John A. Caldwell, M.D., 
Professor of Clinical Surgery, College of Medicine, University of Cincin- 
nati; Director of the Fracture Service, Cincinnati General Hospital, 
Cincinnati. Pp. 150; 76 illustrations. Baltimore: Charles C Thomas, 
1941. Price, $3.50.' 

Hippocratic Medicine. Its Spirit and Method. By William Arthur 
Heidel. Pp. 149. New York: Columbia University Press, 1941. 
Price, $2.00. 

Lectures on War Neuroses'. By T. A. Ross, M.D., F.R.C.P. Pp. 116. 
Baltimore: The Williams & Wilkins Company, 1941. Price, $2.00. 

Immunization to Typhoid Fever. (The American Journal of Hygiene Mono- 
graphic Series, No. 17, September, 1941.) From the Research Laboratories 
of the Army Medical School, Washington, D. C. Supported by the De 
Lamar Fund of The Johns Hopkins University. Pp. 276; illustrated. 
Baltimore: The Johns Hopkins Press, 1941. Price, $2.50. 

An X-Ray Atlas of Silicosis. By Arthur J. Amor, M.D. (Lond.), M.Sc. 
(Wales), Honorary Physician, Clydach Memorial Hospital; Medical 
Officer, Mond Nickel Company, Ltd., Swansea. With Translation of the 
Legends into French by Robert E. Horne, M.A. (Wales), Medical 
Secretary, Mond Nickel Company, Ltd., Swansea. With a Foreword by 
Sir Wilson Jameson, M.A., M.D. (Aberdeen), F.R.C.P., of the Middle 
Temple, Barrister-at-Law; Dean of the London School of Hygiene and 
Tropical Medicine. Pp. 206; 6 text illustrations and 72 plates. Balti- 
more: The Williams & Wilkins Company, 1941. Price, $8.00. 

Shock Treatment in Psychiatry: A Manual. By Lucie Jessner, M.D., 
Ph.D., Resident Psychiatrist, Baldpate, Georgetown, Mass.; Graduate 
Assistant in Psychiatry, Massachusetts General Hospital; Assistant in 
Psychiatry, Beth Israel Hospital, Boston, and V. Gerard Ryan, M.D., 
Associate Psychiatrist, Elmcrest Manor, Portland, Conn.; Assistant in 
Psychiatry, Harvard Medical School. Introduction by Harry C. 
Solomon, M.D., Clinical Professor of Psychiatry, Harvard Medical 
School; Chief of Therapeutic Research, Boston Psychopathic Hospital. 
Pp. 149. New York: Grune & Stratton, Inc., 1941. Price, $3.50. 

Pathology of the Oral Cavity. By Lester Richard Cahn, D.D.S., Associate 
Professor of Dentistry (Oral Pathology), Columbia University, etc. 
Pp. 240; 165 illustrations. Baltimore: The Williams & Wilkins Com- 
pany, 1941. Price, $5.50. 

The Premature Infant. Its Medical and Nursing Care. By Julius H. Hess, 
M.D., Professor and Head of the Department of Pediatrics, University 
of Illinois College of Medicine; Attending Pediatrician, Illinois Research 
and Educational Hospital, Cook County and Michael Reese Hospitals, 
and Evelyn C. Lundeen, R.N., Supervisor, Premature Infant Station, 
Sarah Morris Hospital, Chicago. Pp. 309; 63 illustrations. Philadelphia: 
J. B. Lippincott Company, 1941. Price, $3.50. 
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size of hemoglobin. Of all the viruses known to attack the human ner- 
vous system, the virus of poliomyelitis has the most limited host range. 
The virus, as contained in human tissue or excreta, has previously been 
found to be pathogenic only for certain monkeys and chimpanzees but 
not for mice, guinea pigs or rabbits but reports of new hosts are included 
later in this review. Poliomyelitis virus possesses highly specialized 
tissue affinities. From numerous studies it has been found that polio- 
myelitis virus never multiplies in cells other than the neurons of sus- 
ceptible hosts. Sabin summarized the course of events in human polio- 
myelitis on the basis of present knowledge as follows: “It seems to me 
that one may be permitted to visualize the virus entering the human 
body by way of the mouth and establishing itself throughout the ali- 
mentary tract, where it proceeds to multiply. While further work is 
necessary to indicate to what extent various levels of the alimentary 
tract are affected, there is already more than suggestive evidence that 
the walls of the pharynx and small intestine are among the chief sites 
of virus multiplication, and the feees, the chief means of virus elimina- 
tion. Whether the virus multiplies in the nerve cells, which are con- 
tained in the walls of the alimentary tract, or in the non-nervous tissues 
remains unknown. However, whatever the type of cells affected in 
the alimentary tract, the virus may be visualized as beginning its inva- 
sion of the central nervous system essentially along two pathways: 
one leading into the medulla by way of the cranial nerves that supply 
the upper part of the tract or by way of the parasympathetic system 
along the vagus from the lower part, and the other leading into the 
spinal cord either along the visceral afferent fibers through the spinal 
ganglions or along the efferent fibers from the intestine by way of the 
abdominal sympathetic ganglions. If the greater attack and spread of 
the virus is along the first pathway one may expect a syndrome in 
which bulbar signs are primary, while if the second pathway is more 
predominatingly affected the primary paralysis would be in the extremi- 
ties. That these pathways perhaps may be used simultaneously, the 
outcome depending on the route by which the virus arrives in the central 
nervous system first, is suggested by the fact that in a purely bulbar 
ease the virus has been found in the pharynx, ileum, colon and abdom- 
inal sympathetic ganglions. The inapparent or abortive type of case 
would be either one in which virus multiplication is limited to the ali- 
mentary tract or one in which the virus also invades the central nervous 
system but fails to destroy a sufficient number of cells to give rise to 
clinical signs. This view is based in part on the recent finding in 
monkeys inoculated with human virus that an equilibrium may be 
reached between the host and the virus before sufficient neurons have 
been destroyed to interfere with apparently normal function. Similarly, 
in the non-paralytic type of poliomyelitis, the virus may be visualized 
as multiplying in the alimentary tract and invading the central nervous 
system, but the activity of the virus is suppressed before a sufficient 
number of neurons to give rise to paralysis has been destroyed. That 
the virus may continue to multiply in the alimentary tract long after 
the disappearance of clinical signs of the disease is evident from the 
fact that in some instances the virus has been found excreted in the 

stools for weeks and months after clinical recovery ” 

The foregoing theory of the means or portal of entry of the virus of 
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POLIOMYELITIS— A SURVEY OF RECENT CONTRIBUTIONS. 

In this department in’January, 1934, the then recent literature of 
poliomyelitis was reviewed. Since that time there have been one or 
more epidemics of this disease each summer with result that many 
contributions to the subject have appeared. These have included 
clinical and case reports, statistical studies, as well as reports of investi- 
gative study. The sum total of this literature is a mountainous mass 
of articles, but boiled down to a concrete basis very little has been added 
to our knowledge of this disease. 

Our interest in this disease has been reawakened this year by the 
epidemic especially in the southeastern section of this country, which 
began in the early summer in several cities of Florida and insidiously 
spread to neighboring states. A great deal of interest has been devel- 
oped from the epidemiologic viewpoint because of the very large con- 
centrations of young men in the military service in the South, as well 
as because of the fact that these soldiers have been further concentrated 
in certain areas on maneuvers to which have been added thousands of 
troops from posts in the North. It is not possible so early to determine 
to what extent the young men in the army have contracted the disease 
and to what degree extension of the areas of epidemic has occurred by 
the return of military units from epidemic areas to their home stations 
where epidemic had not prevailed. 

According to Sabin 28 poliomyelitis is an acute infectious disease that 
is caused by a filtrable virus with sufficiently distinct properties to per- 
mit its identification with as much certainty as is possible to identify 
any of the well-known bacteria. The etiologic agent of poliomyelitis is 
known to be one of the smallest filtrable viruses. It can pass through 
the finest filters and membranes, which retain not only the bacteria but 
most viruses as well. It can be sedimented only by prolonged centrifu- 
gation on powerful ultracentrifuges and it is known that the individual 
virus particle is large enough to accommodate only a few molecules the 
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Swan, 53 examining the central nervous system of S patients with 
poliomyelitis by routine neurohistologic methods, found that 4 of these 
cases showed an absence of changes in the olfactory bulbs. He believed 
that infection by the virus of poliomyelitis by the olfactory route is 
either less common than has been thought or it is less fatal. Because 
the most intense changes were seen in the tissues forming the floor of 
the fourth ventricle, which extends through the whole length of the 
brain stem and below is continuous with anterior intersegmental tract 
of the spinal cord, this median longitudinal bundle must be considered 
as an important path for the spread of the pathologic process. 

Studies of the stools of individuals suffering from poliomyelitis have 
revealed the presence of the virus. Toomey 346 has demonstrated that 
the virus of anterior poliomyelitis can be recovered from the stools of 
human beings ill with the disease. It has also been proved that the 
virus is present in sewage in areas where the disease is prevalent. 
Toomey is of the opinion that the virus of poliomyelitis enters the 
human system by way of the gastro-intestinal tract and that there is 
no support for the theory of nasal passage as even an occasional port 
of entry of the disease. 

Kramer 23 reported a study from children in a separate wing of a 
small institution comprising 20 infants and children of preschool age. 
Of this group, 5 contracted poliomyelitis with fatal results in 1 child 
and non-paralytic results in 4 children. In 3 additional children there 
was evidence of fever of from 24 to 4S hours’ duration. The virus of 
poliomyelitis was recovered from the stools of 3 of the 12 remaining 
healthy children, from contacts of children having the disease and from 
2 of the 3 children who had fever but for whom the diagnosis of polio- 
myelitis was not established. In all, 10 of the 20 children harbored the 
virus of poliomyelitis sometime during the 30-day period of observation. 

While the presence of the virus of the disease in the stools seems indis- 
putable, that another factor is present in the stools of patients ill with 
poliomyelitis is suggested by Toomey and Takacs. 35c They com- 
mented that stasis of the intestine occurs frequently in patients with 
poliomyelitis. The toxic factor present in their stools may be due to 
the increase of bacterial virulence of resident organisms. The effect of 
the bacteria present in the stool did not seem important, since a sterile 
fecal eluate was just as toxic as the whole stool. These experiments 
suggested to the authors that convalescent poliomyelitis serum may 
have the ability to neutralize not only poliomyelitis virus but also a 
toxic factor present in the gastro-intestinal tract. That this is not 
improbable was seen from the fact that the agglutinin titer against 
enteric organisms rose as the experimental animal with poliomyelitis 
became better. 

The virus has been demonstrated in the stools by a number of 
observers besides those quoted. The presence of the additional toxic- 
factor, as suggested by the work of Toomey and Takacs, has not caused 
the publication of confirmatory or contradictory opinions some G months 
after the appearance of their paper. It may be that such will appear 
after sufficient time has elapsed. Little or no sponsorship of the nasal 
or olfactory port of entry is found in the literature of the past 4 years. 
Therefore, until disproved by new evidence, the alimentary tract should 
be accepted as the portal of entry. 
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this disease into human body exemplifies the trend of thought on the 
subject. Until recently the nasopharynx was thought to be the portal 
of entry, and different chemical agents were recommended for spraying 
into the nasopharynx as a means of prevention against the disease. 
Commenting on the port of entry as a result of very recent contributions, 
an Editorial 76 observes that many factors point to the alimentary tract 
as a locus of virus proliferation. In many instances the material sug- 
gests that the spinal cord is the primary site of the invasion of the cen- 
tral nervous system. It has not been possible to determine the exact 
pathway of the virus from the intestine to the central nervous system 
except that the vagus nerve has been strongly suspected. There has 
also been evidence that the nerves supplying the pharynx were the path 
of entry. There is evidence that there may be many ports of entry 
and that the olfactory route is of little importance in man. 

Zahorsky 37 stated that the theory that the nasal route is the portal 
of entry of the virus of poliomyelitis was not convincing. He thought 
that the gastro-intestinal tract might be the portal of entry, and that 
the contamination of fresh fruits and other foods, milk products and 
water by flies and their excreta was worthy of consideration. He 
pointed out that while across the river from St. Louis poliomyelitis was 
endemic for a number of years, there were only isolated cases of the 
disease in St. Louis. This reference is of interest as Zahorsky suggested 
an alimentary portal of entry at a time when it seemed definitely 
established that the nasopharynx and the olfactory system were culp- 
able. The general opinion at this time is strongly in favor of the 
entrance of the disease into humans by way of the alimentary tract 
although there are some who still have not been convinced that the 
olfactory theory of entrance has been disproved. Sabin and Ward 29 
revalued the prevailing hypotheses of the disease in human beings. The 
absence of demonstrable virus in the olfactory bulbs and anterior 
perforated substance indicated that in man the olfactory pathway need 
not be affected. The absence of infective virus in the nasal mucosa 
suggested that this is not the site of virus multiplication and dissemina- 
tion. The virus was not present in the salivary glands, which indicated 
that the saliva is not an elimination route. The positive results with 
the tonsils and pharyngeal mucosa were probably due to the pharyngeal 
tissue rather than to the tonsils. In the alimentary tract the virus 
was present not only in the content but also in the washed walls of 
various parts of the tract, including the pharynx, the ileum and occa- 
sionally the colon. They thought that infection of the alimentary 
tract was the result neither of primary localization nor of portal of 
entry. The distribution in the central nervous system was found to be 
limited to certain areas, and it was not as indiscriminately disseminated 
as viruses such as equine encephalomyelitis which can invade through 
the blood-vessels or those such as rabies which are capable of extensive 
centrifugal spread. The pattern of virus distribution in human polio- 
myelitis, according to this study, pointed to almost the entire alimen- 
tary tract as the primary site of attack by the virus and no support was 
found for the concepts involving either the olfactory or the respiratory 
systems. The distribution also militated against the cutaneous route 
although it may be conceivable that occasional infection through the 
broken skin may be possible. 
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and Frauchiger and Messerli 13 were interested in paralysis in other 
domestic animals. They described observations on 2 hogs which pre- 
sented symptoms that greatly resembled those of acute anterior polio- 
myelitis. On this basis such a diagnosis was made and both animals 
were killed. Study of the spinal cords revealed histologic aspects re- 
sembling those of acute poliomyelitis in human subjects. Material 
from the spinal cords of these animals was introduced into two hogs 
and into one steer. Because of inadequate technique, nothing could 
be learned from the inoculation test on the hogs; but the steer, in which 
a formerly devised technique was employed for the inoculation, devel- 
oped fever of a “dromedary” (camel) type. Other symptoms included 
signs of fatigue, stiffness of the neck and an ataxic walk. From the 
seventh day after the inoculation the symptoms commenced to subside 
and a few days later the animal seemed normal again. The animal 
was killed 14 days after the inoculation. The histologic findings of the 
central nervous system were those of a lymphocytic meningo-encephalo- 
myelitis rather than those characteristic for poliomyelitis. However, 
it was possible that had the animal been killed during the acute stage 
of the disease lesions more typical of poliomyelitis might have been 
found. Because of Spielmeyer’s demonstration that similar histologic 
aspects do not necessarily indicate the same disease, etiology or causal 
agent, the authors did not definitely conclude that the described paraly- 
tic symptoms in hogs were identical with human poliomyelitis, but they 
did believe that this could lie the case. 

In Burnet’s 4 epidemiologic experiments the most important results 
indicated that infection did not produce poliomyelitis antibody, that 
certain children with initial antibody nevertheless suffered from par- 
alytic infection and that cynomolgus monkeys could be infected with 
the local virus by ingestion or by pharyngeal swabbing. As regards 
age incidence, he was led to the conclusion that an important change 
in the character of the disease had taken place in the last 30 or 40 years. 
It would seem that in the earlier period poliomyelitis was essentially 
an adult infection with incidental involvement of infants, while now 
epidemic poliomyelitis is a disease of childhood, and spread by child 
contact. 

Aycock- made observation on 1004 patients or photographs of patients 
with various crippling conditions to test the clinical impression that 
paralytic poliomyelitis exhibits a tendency to selective occurrence in 
certain types of individuals. The significant proportion of correct 
readings obtained confirmed this impression and verified Draper’s con- 
cept of a “poliomyelitis type,” as well as anthropometric studies indi- 
cating a difference in bodily measurements from the normal. There 
was additional evidence to support the epidemiologic observation that 
the frank disease tends to occur in but a limited and selected fraction of 
those exposed. These individuals are possessed of an autarceologic 
susceptibility as shown by the disease to familial aggregation and that 
the character in question is a physiologic difference of an endocrine 
nature, which, although to a large degree subclinical, manifests itself 
in the clinically discernible characteristics of the individuals. This 
occurs in a slight degree in younger girls, moderately in younger boys 
and older girls, and to a still greater degree in hoys 10 years of age 
and older. 
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Granting that this theory of alimentary transmission is correct, the 
question naturally arises as to how the infectious material reaches the 
individual. Inoculation might occur by partaking of foods or fluids 
that have been contaminated with the infectious material in a manner 
similar to that in which typhoid fever transmission occurs. Ellsworth 9 
cited the report of Lovett and Richardson who in 1911 reported that, 
in 419 cases of infantile paralysis observed by them from 1908 to 1910, 
105 patients (slightly more than 25 %) had swum, waded or paddled in 
more or less contaminated waters just prior to the attack. Precedent 
accidents, overexertion and falls were reported in another group of 
cases. Of these factors overexertion definitely lowers the body resis- 
tance and it is conceivable that this may predispose to infection. Not 
only overexertion but prolonged periods of bathing or swimming, in 
which the body gets severely chilled, may act in a similar manner. 

To Paul and Trask 25 it has become increasingly apparent during the 
past 2 years that the virus of poliomyelitis may be readily isolated from 
the stools of patients with poliomyelitis. This is true not only in cases 
of the paralytic type but the virus has also been demonstrated in the 
stools of patients with the abortive type of the disease. From their 
study these authors commented that newer methods of testing human 
feces and sewage have been of assistance in detecting the existence of 
the virus of poliomyelitis throughout an infected community during 
epidemic times. River and harbor water and large volumes of sewage 
were tested in three urban epidemics. The virus of poliomyelitis was 
detected in two sewers both of which were in the vicinity of hospitals, 
and from these tests it was learned that not only can the virus content 
of sewage be large but the virus may be transported for short distances 
at least in flowing sewage. They believe that poliomyelitis is probably 
transmitted by a number of different channels. Among these is the 
direct or indirect factor of close intimate contact between infected per- 
sons, illustrated by the type of interfamilial contact in which juvenile 
members of a family usually share. Many of these infected persons 
may be convalescent carriers in the first few weeks of their recovery 
from either a diagnosed or a missed case, and some of the exposed 
persons may become transient “healthy” carriers. There may be also 
a variety of other channels, in which contaminated foods, milk and 
water or possibly insects, mammals or birds, play a part: Water- 
courses and particularly watercourses polluted with sewage may be one 
of the channels of transmission. 

The fact that difficulties arise in the transmission of poliomyelitis in 
man to experimental animals has given rise to the general belief that 
other animals than man and certain species of monkeys are not intert- 
able with the disease. Frauchiger and Hoffman 12 attempted the trans- 
mission of the disease to cattle. Poliomyelitis material from human 
subjects was inoculated into 3 heifers. Large doses were given by the 
intranasal, intraperitoneal and intraspinal routes. Except for increase 
m the temperature at the onset, general symptoms, such as gastro- 
intestinal disturbances, nasal discharges and sweating, were absent. 
There were no signs of meningeal irritation. However, after 2 or 3 days 
signs of paralysis appeared in the extremities, particularly the posterior. 
The paralytic symptoms increased until the seventh day, but there was 
never complete flaccid paralysis. This was a very interesting study 
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period. It is suggested that the trauma of the operation opens avenues 
of infection along the nerves of the pharyngeal region to the medullary 
nuclei. This is, of course, the avenue of infection that for some years 
was supposed to be the means of entrance of the virus of poliomyelitis 
into humans. As has been discussed above the alimentary tract has 
come now to be considered the portal of entry. 

Fischer, Stillerman and Marks 11 in a very recent publication com- 
mented on the increasing interest in the relation of tonsillectomy and 
adenoidectomy to poliomyelitis. Most of these cases following opera- 
tion have shown the bulbar form. They studied the records of an epi- 
demic that occurred in Toronto. These records were kept in an excel- 
lent manner with especial reference to the history of previous tonsillec- 
tomy and the date of the operation. The first part of this study en- 
tailed the collection of data on 507 patients with poliomyelitis who 
were from 3 to 12 years of age at the time of the epidemic. The patients 
were classified as tonsillectomized and non-tonsillectomized, and the 
two groups were analyzed according to the month of occurrence, the 
age at the time of onset, the type of and the mortality from poliomyelitis 
and the relation of the length of the interval between tonsillectomy and 
onset of the disease to the type of poliomyelitis. It was found that 
poliomyelitis took the bulbar form in the largest proportion of those 
patients in whom the disease developed within 1 month after tonsillec- 
tomy. Also the percentage of cases of the bulbar form among the 
children with poliomyelitis who had a history of tonsillectomy, regard- 
less of when performed, was over twice as high as that in the non- 
tonsillectomized children with the disease. This difference was in con- 
formity with the statistics on types of poliomyelitis in the series reported 
by Eley and Flake ( loc . cit.). In the second part of this study, with the 
cooperation of public health and school officials, a large sample of the 
school population was surveyed to obtain information on the general 
incidence of tonsillectomy. It was shown what was the actual number 
of school children in the sample who had been tonsillectomized at any 
time and the date of the operation in each case. From these data it 
was possible to compute the incidence of poliomyelitis during this epi- 
demic among recently tonsillectomized children. This part of their 
study showed a higher incidence of poliomyelitis in the recently ton- 
sillectomized group than among other children, but since the total 
number of cases of poliomyelitis in the tonsillectomized group was 
only S, a number too small to give a statistically significant difference, 
the result by itself cannot be considered conclusive. The frequent 
reports in late years of the occurrence of poliomyelitis in recently 
tonsillectomized children does give some confidence in the significance 
of the reported study. They pointed out that on epidemiologic grounds 
alone there would not be expected a higher incidence of poliomyelitis 
among recently tonsillectomized children than among other children, 
because other things being equal, there is no reason to expect any 
difference between the degrees of exposure of the two groups. If any- 
thing, the recently tonsillectomized children seemed to be less exposed, 
so far as they were isolated from other children during the period of 
operation and convalescence. The higher incidence of poliomyelitis 
among the recently tonsillectomized children suggested a lowered 
resistance to the disease. The mechanism of this lowered resistance 
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results secured xxith mice appeared to be more trustworthy than those 
usually secured with monkeys, as mice are more uniformly susceptible. 
The results agreed with those obtained with human serum in monkeys. 
These considerations should render it possible to follow serum immu- 
nity in population gioups from different localities and from infancy to 
adulthood and thus ultimately 7 clarify 7 many 7 epidemiologic questions 
awaiting solution. 

Barber 3 reported 4 cases of anterior poliomy 7 elitis occurring on the 
same day in a boys’ school. Since no other cases developed in this 
school, a close analy sis w 7 as made of the daily 7 habits and li\ es of these 
boys. Cases did appear later in the village and 2 of them occurred in 
the family of one of the maids employed by 7 and living in the same house 
of the school in which the 4 boys lived. These cases were attributed 
to the maid carry ing the infection home. As she w as in the house for 
the rest of the term and no further cases occurred there, and as one 
attempt to infect a monkey 7 from her proved negative, there was no 
actual evidence that she w as a carrier. The house in which the 4 boy s 
lived had separate feeding arrangements and a separate domestic staff 
from the rest of the school. Only 2 of the boy’s slept in the same dormi- 
tory. The other 2 were in different dormitories, and each was uncon- 
nected with the otheis in any activity. In the house-room all 4 boys 
were in different corners and 1 of them was present only occasionally 
as prefect. In the school all 4 were well scattered, being in different 
classes and other categories. The only 7 common factors appeared to 
be the same feeding arrangements and contact with the domestic staff. 
The only connection with food w 7 as that strawberries, obtained from 
2 farms, 1 of which had been affected, w T ere served only 7 in the house 
where the affected boys li\ed. The simultaneous onset certainly re- 
sembled a food-poisoning outbreak rather than an epidemic spread by 
droplet infection. 

Until now theie has been no definite or generally 7 accepted idea of the 
transmission of poliomyelitis. It would seem that the theory of the 
alimentary tract as the portal of entry would furnish the best explana- 
tion of the rather small incidence of the disease in relation to the 
population e\en in epidemics. It has been thought that many 7 escape 
the infection because of haxing developed immunity. Such has been 
the idea in reference to adults However, although frequent small 
infectious with the eausatixe factor may 7 give rise to the immunity 
that most adults seem to liaxe, sometimes even a definite attack may 
not gi\e rise to complete immunity, so that second attacks hn\e been 
recorded. Tootney Via recorded the eighteenth case of a second attack 
of poliomyelitis. This case w us similar to the cases reported by others 
but it was not felt that it was a bona fide second attack. The objection 
was based on the theory that a person who has had poliomyelitis is a 
prey not so much to another attack of the same disease as to other 
diseases, such as influenza, measles and scarlet fever, which involve the 
few remaining peripheral nerxe fibers and their cells of origin. Toomey 
felt that the subsequent paralysis in his case were the result of influenza 
affecting the remaining nenes and tells. It could liaxe been toxic 
neuronitis in a person who had an old poliomyelitis. In the presence 
of any acute infection, ->ueh as influenza, bronchopneumonia, measles, 
core /a due to the xinis of the common cold or scarlet fewer, or in the 
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protein increase and this becomes more marked with the progress of the 
disease. Globulin is always found, although it may be only a trace. 
The Lange gold curve often affords useful corroborative evidence. 

Hunt 13 stated that the changes in .the spinal fluid varied with the 
stage of the disease and with the reaction of the meninges. In the 
systemic phase the fluid usually increased in amount, the cell count 
was from 30 to 100 per c.mm., and the aggregate of cells was made up 
entirely of neutrophils or of both leukocytes and lymphocytes. The 
globulin was increased in some cases and not in others. In the stages 
of paralysis the fluid was still increased in amount, the number of cells 
varied from IS to 2000 or more and from 80% to 90% of the cells were 
lymphocytes. In general, the highest cell counts were shown by the 
patients showing symptoms of severe meningeal irritation. In the fatal 
cases the cell counts of the spinal fluid were invariably high, averaging 
above 200 cells. 

Meyer 240 studied the leukocytic formula in 57 cases of poliomyelitis 
and also in a varying number of cases of other conditions which might 
be confused with it. He found that in cases of poliomyelitis during the 
period of invasion and the first days of paralysis there is a slight leuko- 
cytosis, with a slight increase in neutrophils. This gives way little by 
little to a slight lymphocytosis, with the occasional appearance of rare 
plasmocytes and a monocyte count of 9% or more. The eosinophils 
and basophils tend to disappear. After the establishment of the par- 
alysis, the leukocytic formula returns to normal, or there may be a 
slight leukopenia. The only other condition which might be confusing 
from the standpoint of the blood picture was acrodynia, but the gradual 
onset makes the clinical differentiation easy. 

Spector and Hobart 32 commented that the most characteristic finding 
in their series was the resistance of the patient against flexion of the 
spine. Most of their cases, that did not manifest this sign, were of the 
bulbar type. The next most common sign was muscle tenderness. In 
all of their cases the sensorium was clear and the patients were coopera- 
tive. A few of the bulbar cases were drowsy, but that was apparently 
due to dehydration and disappeared upon the adequate administration 
of fluids. 

Gordon, Hudson and Harrison 14 tried to produce active immunity, 
and to demonstrate the effect of passive immunity in monkeys. To 
establish active immunity they used crude virus, preparations of virus 
in gelatin containing aluminum and an eluate and found by the neutrali- 
zation test that there was no evidence to demonstrate that any one of 
the three antigens was superior or produced a better immunologic 
response in monkeys. They injected crude virus and a preparation of 
virus in gelatin containing aluminum into sheep and thought that they 
obtained a greater antibody response than might be expected vyith 
crude virus alone. They were not able to demonstrate any resistance 
in animals which had been immunized with antigen made of crude virus 
or with a preparation of virus in gelatin containing aluminum, injected 
subcutaneously, for the animals became ill when given the disease by 
the intranasal route. Passive immunity produced by using large 
amounts of blood from convalescent and hyperimmunized monkeys 
failed to protect animals when virus was subsequently introduced intra- 
nasally. Yet clinical experience fails to reveal more than one attack 
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presence of an injury, it is right to question the diagnosis of a second 
attack of poliomyelitis and to insist that first toxic neuronitis be ruled 
out. If acute infections do not aggravate the clinical condition of an 
old poliomyelitis, as has been shown experimentally, few of the reporied 
cases in the literature can qualify as actual instances of a second attack 
of poliomyelitis. 

Faber 10a visualized poliomyelitis as a disease due to a progressive 
invasion of the nervous tissue by a virus which is not only neurotopic 
hut strikingly selective within the nervous tissues. It is capable of 
producing only transient lesions such as hyperemia and cell infiltration 
in certain parts of the central nervous system as the upper part of the 
brain stem, destructive lesions or cell degeneration in only a few areas 
such as anterior horn cells and motor cells of the medulla and slight 
lesions or none at all in other areas such as the cerebral cortex and cere- 
bellum. In many instances the virus plants itself for a brief time only 
as it may invade the olfactory bulbs and sometimes the brain stem and 
then die out without reaching the vulnerable lower motor neurons. 
These cases are the abortive and non-paralytic types of poliomyelitis. 
The symptom complex of the disease shows an order of progression cor- 
responding with the advancing distribution of lesions and may be 
divided into three phases. The first phase is manifested by fever alone 
and the lesions are confined to the olfactory bulb. The second phase 
consists of a symptom complex in which more or less generalized effec- 
tive, sensory and autonomic phenomena are conspicuous, and the lesions 
consist mainly of basal encephalitis without involvement of the cord. 
During the third phase there occur two kinds of symptoms. The first 
kind are autonomic and sensory phenomena arising in the lateral and 
posterior horns and dorsal root ganglions. The second kind are localized 
phenomena arising in the anterior horns. 

Toomey 340 believes that poliomyelitis virus has but a slight affinity 
lor the exposed axons or peripheral medullated nerves, and that it may 
be that its spread to the central nervous system is stopped by the myelin 
contained in the sheath which covers the gray fibers. This would explain 
why there is not in every case of poliomyelitis involvement of the vagus 
nerve, which is actually a bundle of well-medullated connector fibers. 
Although these gray fibers might be partly or completely involved in 
every case of poliomyelitis, few symptoms of this involvement other 
than constipation would become manifest clinically. Experiments sup- 
ported the belief that ordinarily virus of poliomyelitis does not spread 
along well-myelinated nerves of healthy monkeys but that virus will 
spread along nerves of vitamin D-deficient monkeys if the virus is 
simply placed in contact with the postganglionic fibers. It is presumed 
that in the latter animals the preganglionic medullated nerve fibers 
£omg to the adrenal gland are made deficient and consequently more 

susceptible. 

Studying the spinal fluid in an outbreak of poliomyelitis, Drury 
Sladden 8 found that detailed and routine analysis of the spinal 
nifid W as a very valuable procedure in the detection and diagnosis of 
poliomyelitis and also in polioencephalitis. Where a completely nor- 
mal spinal fluid is found the diagnosis of the disease is negative. Slight 
pleocytosis is a constant feature of the disease and there are always a 
tew neutrophils present in the early stages. Usually there is slight 
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alimentary tract as the means of the virus entering the individual, the 
use of chemotherapeutic agents in the nasopharynx has no prospect of 
benefit unless from the nasopharynx it passes into the alimentary system 
in sufficient quantity to effect blocking of the tissues, if Schlutz’s idea 
of the modus opcrandi of these chemicals as prophylactics is true. This 
effect of zinc and similar substances has not been substantiated in the 
observations of recent authors. 

Fever therapy has been tried in poliomyelitis. The results have not 
been promising whatever has been the method of inducing the hyper- 
pyrexia. Kohl- 1 used malaria therapy and a protein preparation ob- 
tained from bacilli. He did not observe any convincing effects from 
artificial fever therapy. Rosenow- 7 compared the results obtained in 
the treatment of 221 patients with acute poliomyelitis receiving anti- 
streptococcus serum and the effects of the disease among 116 similar 
patients living under comparable conditions who did not receive the 
serum. The initial symptoms were somewhat more severe in the group 
in which serum was administered than in the control group. The 
results were contrasted on the basis of mortality and residual paralysis. 
It Wits thought that the much lower mortality and lower incidence of 
residual paralysis of the patients given the serum was directly attribut- 
able to the action of the antistreptococcus serum. It was noted that 
restless, nervous children often fell asleep after the first injection of the 
serum. Headache and pain in the involved extremity or part were les- 
sened or relieved. The temperature, especially among patients in the 
preparalytic stages, rapidly fell to normal after an initial transient rise. 
Progressive paralysis often was apparently arrested. Restoration of 
muscle function was more rapid among the patients who received the 
serum. 

In summing up a review of the serum therapy and vaccination of 
poliomyelitis Faber 106 stated: “It may be that success in preventing 
poliomyelitis will not come from the methods of classic immunology 
but from some simpler chemical procedure — whether it is the use of 
hormones or vitamins or something else — that will modify intracellular 
metabolism so that the natural host cells will no longer be suitable for 
invasion and multiplication of virus. The conditions that make them 
suitable are narrowly limited and delicately balanced. The chemical 
differences in composition of the anterior horn cells, which are sus- 
ceptible, and those of many other neurons which are not, cannot be very 
great, and there is reason to suppose that even in the former the im- 
planted virus dies out in many cases by the process which Pette calls 
autosterilization, without causing death of the cells. It does not appear 
to be beyond the range of possibility that physicians will some day 
know the secret of this process and perhaps learn how to control it.” 

Meyer- 14 found that when cerebrospinal fluid from persons convalesc- 
ing from poliomyelitis was mixed with the virus prior to inoculation 
of monkeys it was effective in protecting them from the infection. He 
also treated 16 patients with poliomyelitis with cerebrospinal fluid from 
convalescents with gratifying results. Because the cerebrospinal fluid 
is e.tsier to obtain and because it is as effective as the serum, if not more 
so, and hecame the removal of the cerebrospinal fluid from the donor 
may be of benefit to him, the author felt that this procedure was of great 
benefit to all concerned. 
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in the same individual, perhaps because the virus has remained alive 
but “imprisoned” in the body. 

Many therapeutic agents have been tried in the treatment of polio- 
myelitis. It is not possible to enumerate all of them. Many have 
failed on more detailed trials. Among these is potassium chlorate. 
Contat and his coworkers showed very satisfactory results but Gsell 15 
concluded that the clinical basis of the potassium chlorate treatment 
was unsatisfactory, although his experimental observations were not 
on a sufficient number of animals to warrant definite conclusions. 
Saucier and Stewart 30 performed experiments as nearly as possible like 
those of Contat, Arthus, Spycher and Debat. They failed to protect 
or influence favorably the course of the disease in monkeys. 

Rhett 26 studied the effect of neoprontosil as a prophylactic as well as a 
therapeutic agent in poliomyelitis. The drug was given to 440 acutely 
ill children, during an epidemic of poliomyelitis, in approximate dosage 
of 1 gr. per pound of body weight per day. Of these children only 
1 developed paralysis. This was a transient paralysis developing on 
the fifth day of illness in a child whose mother had not kept up the 
maintenance dosage of the drug. Symptoms subsided when full dosage 
was resumed and the paralytic involvement had subsided completely 
in the 3 weeks’ period of quarantine. In 2 other children meningeal 
symptoms developed on the fifth day of illness and in these also the 
maintenance dose had not been continued. These symptoms subsided 
without paralysis with resumption of the full dosage of the drug. He 
reported also 14 cases of poliomyelitis in which neoprontosil was given 
in the preparalytic stage. Of these only 1 developed paralysis. In 
8 eases, in which a clinical diagnosis of meningeal involvement of polio- 
myelitis was made, there was subsidence of the condition with neo- 
prontosil medication without paralysis developing. There were 1 1 cases 
with paralytic involvement treated during this time by the administra- 
tion of neoprontosil. Toxic symptoms subsided in this group within 
24 to 48 hours, and there was no apparent advance in paralytic involve- 
ment after the adequate dosage of the drug was reached and held for 
24 to 48 hours. There were no deaths during the acute phase of the 
disease although there were 2 deaths in the cases included in this series 
where the condition was fulminating with practically complete involve- 
ment of all extremities and respiratory musculature, necessitating the 
use of the respirator. On the other hand, Toomey and Takacs 350 con- 
cluded from their studies that neither merphenyl borate nor sulfanila- 
mide, in the dosages recommended for clinical use, modifies nor prevents 
the occurrence of poliomyelitis in monkeys that have been inoculated 
with the virus of poliomyelitis by way of the intracerebral route. 
They 354 found also that sulfapyridine was of no value in preventing the 
production of experimental poliomyelitis in monkeys inoculated intra- 
cerebrally. 

Schlutz 31 discussed the chemical substances that have been used intra- 
nasally in prophylaxis against poliomyelitis. He stated that among 
the chemicals which have protective qualities zinc sulphate has been 
mund to be most effective. The mode of action, according to this 
observer, is not known, but he believed that they do not destroy the 
V) rus but rather that they modify the permeability of the tissues which 
serve as portals of entry. In view of the trend of feeling as regards the 
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UTERINE FIBROIDS. 

Although myomatous tumors of the uterus are the most common 
tumors of the female generative organs, their exact etiology remains 
unknown. Almost 10 years ago Witherspoon 13 presented evidence to 
show that the unopposed action of estrin (the ovarian follicular hor- 
mone) in the absence of corpus luteum influence is the cause of hyper- 
plasia of the endometrium. He suggested, moreover, that the unop- 
posed action of estrin on the myometrium, if prolonged sufficiently, 
would result in fibromyomatous growths. This hypothesis was based 
on a study of 12-1 eases of fibroids, diagnosed microscopically and of 
2t> cases of endometrial hyperplasia diagnosed microscopically, in which 
a second operation was performed for fibroids some 4 years later. In 
this latter group the associated ovarian and endometrial findings sug- 
gested a cause and effect relationship between ovarian follicular cystic 
formation, hyperplasia of the endometrium and fibromyomata of the 
uterus. Witherspoon advanced the hypothesis that the unopposed 
action of estrin on the uterus results in immediate endometrial change 
characterized by hyperplasia, and secondly, in more latent inyometrial 
changes in the nature of fihromatous growths. 

Within the past year Brewer and Jones 3 have presented a study of 
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Following the use of the mechanical respirator in a case of polio- 
myelitis that has been widely publicized in the lay press as well as in a 
number of later cases that gained publicity because of the successful ter- 
mination of pregnancy in several mothers with respiratory forms of 
poliomyelitis, this means of maintaining respiratory function in this 
form of the disease is very well known to the public. During the cur- 
rent epidemic in a number of even small communities in Georgia as well 
as in some of the larger ones where this equipment was lacking, public 
subscription has provided the funds to procure respirators. Discussing 
the use of the respirators Wilson 36 believed that confusion exists about 
the selection of patients with poliomyelitis for treatment in the respira- 
tor and that there is a misconception as to the purpose of respirator 
treatment. He contended that the respirator will aid only when there 
is a paralysis of the intercostal muscles or of the diaphragm or in rare 
instances in which there is hypofunction but not dysfunction of the respi- 
ratory centers. Unfortunately, most physicians think of the respirator 
only as a machine for life saving and for aiding the breathing until 
enough recovery occurs to enable the patient to carry on by himself. 
The respirator should be considered a device for providing physiologic 
rest for the muscles of respiration. Too frequently use of the respirator 
is delayed too long or the patients are taken out of the machine too soon. 
Most persons are familiar with the respirator which is generally used. 
Other new types are being developed. One is a room-sized respirator 
which is able to take care of several persons at a time. This is reported 
as giving excellent results. Another type is also being developed. It 
consists of a rigid or semirigid jacket to be put on the chest and abdo- 
men, making an airtight space over the body. The intermittent evacu- 
ation of this space by hand or motor-driven pumps causes respiration 
to be induced in a manner similar to the Drinker apparatus. 

The after-treatment of acute poliomyelitis and more especially the 
treatment of the residual paralysis come under the province of the 
orthopedist. During the paralytic stage there is little that can be done 
except to maintain physiologic rest. Under all possible circumstances 
the orthopedist should be consulted in order that whatever splinting, 
counteraction or other measures that will minimize the damage to the 
affected part can be instituted. Irwin 19 pointed out that the treatment 
carried out during the acute phase was designed to salvage everything 
of value from wreckage caused by the devastating invasion of the infect- 
ing organism. When there is nothing more to salvage the condition 
passes into the chronic stage. Here the concern should be of adding 
whatever surgical procedures are indicated and the fitting of permanent 
braces. 
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There "its a surprising similarity of symptoms and signs in the two 
groups. Although some of the myoma group had cardiac damage, he 
believes that it was not due to the tumor, inasmuch as other exciting 
disease was present; moreover, similar cardiac damage was present in 
the control group. No patient died of any cardiac complication despite 
the presence of coronary artery disease in 3 of them. From this study 
we may deduce that while the cardiac risk must be taken into account 
in any operation for myoma, the presence of the myoma, per sc, does not 
increase the risk over what it would be for any other major operation. 

Irradiation. My former chief, the late Dr. John G. Clark, was one 
of the American pioneers in the use of radium in the treatment of pelvic- 
disease, and the teachings which he formulated have been followed with 
slight modification by those who followed him. It will be of interest 
therefore to review a report by Norris and Behney 15 of 1437 patients 
treated by radium for benign hemorrhage. We shall concern ourselves 
with a group of 687 of these cases who had myomas. The important 
symptom in myoma cases which calls for the use of radium is hemor- 
rhage, but to use an Hibernianism, for those who wish to use radium, 
the most important thing to know is when not to use it. Norris and 
Behney list 19 contraindications to the use of radium, which are: 
1, When doubt exists as to the accuracy of the diagnosis; 2, the presence 
of intraperitoneal lesions other than those responsible for the bleeding 
and which require surgical intervention; 3, rapid growth in the case of 
a supposed uterine myoma; 4, associated fundal carcinoma; 5, pressure 
symptoms; G, softening or other evidence of degeneration; 7, inflam- 
matory lesions within the pelvis, especially those of the adnexa; S, 
myoma larger than a 4 months’ pregnancy; 9, submucous tumors, espe- 
cially if pedunculated; 10, myomas in young women; 11, anemia mark- 
edly out of proportion to the bleeding; 12, obstructing tumors or mal- 
formations that prevent the proper application of radium; 13, radio- 
phobia; 14, the presence of cervical myomas; 13, pregnancy; 16, highly 
nervous women; 17, previous pelvic operations; IS, painful myomas; 
19, myomas after the menopause. 

There are good reasons for each one of these contraindications which 
will occur to the reader with a little reflection, but in some cases excep- 
tions are made; for example, an associated cardiac lesion may make 
irradiation of a myoma advisable which otherwise would be treated 
by hysterectomy; or, in an associated fundal carcinoma irradiation may 
be the method of choice because of extreme obesity or for other special 
reasons. If it has been decided that the case is a proper one for the 
use of radium, the dosage should be carefully considered. The efficacy 
of the remedy in stopping hemorrhage and the ease with which it may 
be applied constitute definite hazards in this form of therapy, particu- 
larly in patients in the child-bearing period. Norris and Behney ha\e 
made efforts to modify the dosage of radium so that hemorrhage will be 
checked but without completely sacrificing the ovarian function. Such 
dosage is less certain and less permanent in its results but they believe 
that in their earlier eases the dosage employed was too heavy. They 
found that in patients who received less than 600 mg. hours, the meno- 
pausal symptoms were materially less but the results secured were 
correspondingly diminished. The effect of irradiation in dosages over 
UK) mg. hours w.es practically constant both in regard to the percentage 
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the relationship between the corpus luteum and the endometrium in 
patients with uterine fibroids in which their conclusions are quite at 
variance with the above generally accepted hypothesis. They remind 
us that a close relationship is supposed to exist between ovarian function 
and the development of fibroids because: 1, fibroids develop only 
during active ovarian life; 2, they usually cease to grow after the meno- 
pause or castration; 3, they grow rapidly during pregnancy; 4, sterility 
in patients with fibroids is thought to be dependent upon the disturbed 
ovarian function; 5, abnormal uterine bleeding is a common symptom 
of patients with fibroids and is often considered to be the result of 
ovarian dysfunction; 6, cystic glandular hyperplasia has been reported 
frequently in such patients and since this results from excessive or 
prolonged estrogenic stimulation, estrin has been considered the com- 
mon etiologic factor; 7, failure of ovulation has been reported by some 
observers; 8, the frequent finding of multiple follicular cysts in the ovar- 
ies has suggested the possibility of excessive estrin production ; 9, endo- 
metriosis and adenomyosis are frequent concomitant lesions with uterine 
fibroids and since these lesions occur only during the active life of the 
ovaries, the importance of the ovarian hormone as a common etiologic 
agent is assumed. In spite of all this circumstantial evidence in favor 
of the estrogenic theory, they decided to study the ovarian function and 
endometrial relationship in 100 unselected and consecutive patients 
operated upon for uterine fibroids. They found that ovulation had 
occurred in these patients similar to that in normal women. Forty-six 
of the patients had corpora lutea of the present cycle and of these the 
development of the corpora lutea was normal in 41 as evidenced by 
histologic study not only of the corpora lutea but also of the endome- 
triums which reflected the characteristic responses to normal corpus 
luteum hormonal stimulation. Small follicular cysts were present in 
21 of the 100 patients but in no instance was there evidence that these 
cysts had had any influence on the normal physiologic processes of the 
ovaries or the endometriums, none of them showing hyperplasia. Cystic 
glandular hyperplasia was present in a moderate degree in only 1 in- 
stance in the entire 100 cases, which is at marked variance with the 
generally accepted view. 

From the above discussion it may be seen that we still do not know 
the reason for the development of fibroids. We have, however, gone 
a long way in the treatment of this condition since hysterectomy was 
first undertaken with great trepidation. We know that many fibroids 
need no treatment whatsoever, but merely observation. Of those that 
require some therapeutic measures, we may select either irradiation, 
whether by radium or Roentgen ray, or surgical removal either by myo- 
mectomy or hysterectomy, and we shall discuss all of these procedures 
in turn. In the early days of surgery, an operation was often delayed 
or proscribed because of the so-called myoma heart. It was believed 
that the myoma had some toxic influence on the heart which increased 
the risk of operation. In order to test the validity of this theory 
Jacobs 11 studied, both clinically and eleetrocardiographically, 30 con- 
secutive patients with proved fibroids, and compared the findings with 
those of 30 other patients who were operated upon for various pelvic 
conditions other than fibromyoma. He came to the conclusion that 
uterine fibromas do not produce any significant changes in the heart. 
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that injury is possible in the case of early conception, whereas in late 
conception the ovum would recover completely before it is capable of 
being fertilized. It has been noted that there is a tendency toward 
abortion in the first pregnancies following radiation treatment, whereas 
later pregnancies are more often normal. It seems likely that in many 
of the early cases abortion is caused by the disease of the uterus or 
adnexa for which treatment was instituted or by the effect of the radium 
on the generative organs rather than as the direct effect upon the fetus. 
It would seem that physicians using radium should make written 
records warning the patient and her husband against early subsequent 
pregnancies and that these warnings shoidd be acknowledged in writing. 
It also seems advisable to interrupt any pregnancy which has been 
subjected to therapeutic irradiation, for it is generally admitted that 
serious effects on the offspring will result in a high percentage of cases. 
These effects are proportional to the amount of radiation and are more 
serious in early pregnancies, though the fetus may be seriously injured 
at any stage of development. 

Myomectomy. This operation, when it can he applied, is unques- 
tionably the most conservative as it removes the tumors but leaves a 
functioning uterus behind. Perhaps the strongest advocate of this 
procedure is Victor Bonney, 2 of London, who states that women vary 
in their reactions to hysterectomy; but there is a very definite propor- 
tion who take the loss of the womb very much to heart, either because 
they are aware that to many men the idea of a woman not being “ whole” 
is unattractive, or on account of the irrevocable sterility. Myomec- 
tomy has usually had a limited scope, being restricted to cases where the' 
tumors were single, or if multiple, then superficially placed. Resenting 
this restriction, he has extended the operation until he has been able 
to perform it in any case if conservation of the uterus is desirable. In a 
general way his rule is that in patients under -11 years of age the prefer- 
ential operation is myomectomy, while in patients over that age hyster- 
ectomy is desirable, but there are exceptions to the rule. On the one 
hand is the relatively young woman, who having had sufficient children, 
wants to have her womb removed, and on the other hand, the elderly 
woman who, for private reasons, sentimental or otherwise, desires its 
conservation. He has performed myomectomy 4S7 times. The 
fibroids were solitary in 237 cases and multiple in 250 cases. Of the 
multiple cases, the largest number of tumors he has removed from a 
single uterus was 125, so it can be seen how far he has extended the 
indications for the operation. He has had 7 operative deaths (a mor- 
tality rate of 1.2 %), with no deaths in the last 200 cases. New fibroids 
have formed in 5% of the cases, but only in 3% to the extent of requir- 
ing further operation. All these cases were patients who had developed 
fibroids at an exceptionally early age and to whom he ascribes a special 
fibroid-forming tendency. Of 77 women within the child-bearing age 
who wished and were in a position to have children, 30 (39%) did 
conceive. Seventy-five per cent of the deliveries were normal and 25% 
were bv Cesarean section. The high percentage of Cesarean operations 
was due to the relatively advanced age of the mothers and the great 
obligation to deliver a living child. In speaking of the technique which 
he employs he lays great emphasis on a special myomectomy clamp 
which he has invented. This instrument controls both uterine arteries 
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of menopausal symptoms and satisfactory results. Without going into 
actual figures, their report shows that in dosages over 600 mg. hours, 
menopausal symptoms will occur in slightly over one-half of the patients 
and satisfactory results will be achieved in well over 80%. In order 
to determine the permanency of their results, they followed 184 patients 
for 10 years or more and only 4 of them (2 %) had recurrences. There 
were 74 cases which failed to get a satisfactory result from one irradia- 
tion; of these a second irradiation relieved 37, hysterectomy relieved 30, 
myomectomy relieved 2, the remaining 5 being unrelieved. There were 
3 deaths in the series, 1 from pneumococcic meningitis on the third day, 
1 from cerebral hemorrhage on the fifth day and 1 from intestinal 
obstruction on the tenth day, an operative mortality of 0.4%. 

In presenting an analysis of his series of 986 cases of myoma treated 
by irradiation Costolow® states that in his opinion some of the contra- 
indications to irradiation are too rigid and patients for this form of 
therapy are being selected too conservatively. In his experience pre- 
existing pelvic inflammatory disease is not a justifiable contraindication 
since acute pelvic inflammation after irradiation occurred in only 
1 patient in his series. The average age of his patients was 42.5 years, 
approximately 75 % of the patients being over 40 and therefore, in or 
near, the menopause. He has found that irradiation menopause is no 
more troublesome than the normal menopause and furthermore sexual 
function is not destroyed. In only 4 patients (0.4%) did cancer of the 
uterus develop after radiation therapy, so that it does not have to be 
feared in advising such treatment. He states that a remaining uterus 
-is no more likely to become cancerous than a normal uterus in a woman 
of the cancer age. Inflammatory degeneration of large fibroid tumors 
occurred in 2 cases, both of which were successfully operated upon at a 
later date. In tumors the size of a 3 months’ pregnancy or smaller 
(722 cases), there was a reduction of the uterus to normal in 84.3%. 
Only 2.4% of this group were later operated on. In patients with 
tumors the size of a 4 months’ pregnancy or larger (264 cases) there 
was a reduction of the uterus to normal in 36.7 % and to normal or 
slightly enlarged (less than twice normal) in 52.7 %. Only 4.2 % of this 
group were later operated on. In tumors of this size Roentgen rays 
alone, preceded by curettage, are the most satisfactory method of 
radiation therapy in his experience. 

In a series of 287 cases of benign uterine tumors Norsworthy 16 found 
radium to be uniformly satisfactory and while a vaginal discharge per- 
sisted for from 3 weeks to several months, it eventually ceased in all 
cases. The minimum dose he employed was 400 mg. hours; the maxi- 
mum, 4800 mg. hours, and the series was without mortality. 

: While of course radium should not be used in the presence of a preg- 
nancy, it is of interest to know what happens if pregnancy should be 
present or if the patient should become pregnant after the irradiation. 
Fortunately no one clinic has had an extensive experience with such 
situations but the literature has been analyzed by Miller, Corscaden 
and Harrar 14 who find that the opinion is that pregnancies subsequent 
to irradiation should be.divided into “ early ” and “ late.” By “ early ” 
is meant conception in the first few months after the application of a 
temporary sterilizing dose of radium. “Late” conception is that which 
fakes place after the end of the temporary amenorrhea. It is believed 
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wound cavities, so that special attention must be paid to asepsis during 
the operation. 

The series of 12S myomectomies reported by Miller and Tyrone 13 
represents about 10% of the total number of fibroids treated during 
the same period at Tulane University in the private service. Where 
pregnancy was a possibility, about one-third of the cases became preg- 
nant. There was a recurrence of bleeding in S.5% and only 1 death, 
an operative mortality of 0.S %. They believe that this low mortality 
argues very favorably for the safety of myomectomy as compared with 
hysterectomy, since in this series it was less than one-half that of 
hysterectomy. They do state, however, that the immediate and remote 
postoperative complications were of a very serious nature, probably due 
to faulty operative technique, such as slough of the uterine muscle 
from tying sutures too tight, or inability to completely cover all raw 
surfaces. Two cases developed acute intestinal obstruction during their 
stay in the hospital, both recovering after release of the adhesions which 
had formed between a loop of ileum and the myomectomy scar. A 
third patient was S months pregnant, following a myomectomy 16 
months previously, when the bowel became obstructed in a similar 
manner, while a fourth patient was operated upon elsewhere for a late 
obstruction. 

After myomectomy at the Mayo Clinic, according to Counseller, 6 “ 
about 35% of the patients became pregnant. He found that recur- 
rences of myomas are more frequent (about 20%) in patients less than 
40 and considerably less frequent (S%) in those more than 40 years of 
age. While he regards the operation as technically more difficult than 
hysterectomy, the surgical risk is about the same in his experience. 
A very important point which he mentions is that when a submucous 
myoma becomes partially or entirely extruded through the cervical 
canal, the endometrium becomes secondarily infected. It is impera- 
tive that these tumors be removed by vaginal myomectomy or ap- 
proached by vaginal hysterotomy. Should there be associated myomas 
of the fundus requiring removal, this procedure should be delayed 30 to 
60 days until all evidence of infection has subsided. 

Hysterectomy. One of the favorite subjects for discussion among 
gynecologists is the perennial question as to whether a hysterectomy 
should be complete or subtotal and in a previous review (October, 1937) 
this question was considered at length. Zondek'- 0 is of the opinion that 
there need be no discussion of this subject but that supravaginal hys- 
terectomy should be preferred and performed as high as possible in 
order to preserve a part of the uterine mucosa from which menstruation 
may take place. If, however, for technical reasons a high amputation 
cannot be performed, he states that the uterine mucosa should be im- 
planted in the cervix following a low amputation in order to give the 
uterus the possibility of menstruating. Even in women near or beyond 
the menopause he urges the supravaginal operation because the con- 
figuration of the vagina is better preserved and difficulties in coitus are 
eliminated, a fact to which the surgeons pay far too little attention. 
In the literature one of the reasons often given for performing total 
extirpation in young women is the opinion that if a stump remains, a 
cancer of the cervix can occur; he believes that this fear is greatly 
exaggerated, although he might consider this argument in older women. 



GYNECOLOGY AND OBSTETRICS 


907 


at once and in addition stops the entire bloodflow from coming up 
through the cervix. The result is that when in addition the ovarian 
blood supply is controlled by ring forceps, the circulation through the 
uterus is completely stopped and the operation becomes bloodless. The 
incision in the uterus should be central and anterior whenever possible. 
Tumors situated off the midline can be reached by secondary incisions 
starting from the main incision and tunneling outward. Tumors lying 
in the posterior wall if not too large are removed “transcavity,” the 
lumen of the uterus being opened from the front and the posterior wall 
being incised through the posterior endometrium. He states that there 
is no risk in opening the uterine cavity and it has the advantage of 
preventing small submucous fibroids being overlooked. Every fibroid 
down to the smallest seedling must be removed. A large fibroid in the 
posterior wall is handled through a transverse incision just behind the 
uterotubal junction. This incision opens the capsule of the tumor 
which is then extracted by morcellation after which the remaining 
posterior uterine wall is brought over the fundus and sutured anteriorly. 
This leaves a smooth posterior uterine wall opposed to the intestines, 
whereas if the fibroid is removed through an incision in the posterior 
wall, a suture line is left directly inviting intestinal adhesion. 

In cases in which the number of fibroids to be removed is too great to 
allow the employment of either of the above methods, he performs a 
“ block excision,” bisecting the uterus down nearly to the internal os, 
removing the tumor area and then reuniting the remaining halves of 
the uterus. He has also developed a method of removing cervical 
fibroids by myomectomy, but from the opinions which will be quoted 
later in this review concerning cervical fibroids, it is doubtful if many 
gynecologists will adopt his method. 

In the opinion of Zondek 20 the technique of myomectomy is much 
more difficult than that of hysterectomy, to which probably most 
gynecologists would subscribe. Hysterectomy has a typical technique 
but myomectomy is atypical; once the abdominal cavity is opened a 
plan must be made according to the case. It is not sufficient to remove 
the myomas but in addition it is important to spare the musculature 
as far as possible in order to preserve a uterus capable of its function 
in pregnancy and parturition. If the uterus following the operation is 
a slack, weak organ, it may be capable of menstruation but incapable 
of carrying a child and he believes that in such cases a high supravaginal 
amputation is a better procedure. In performing myomectomy he 
insists that every myoma must be enucleated, the orifice of one tube, 
preferably both tubes, must be spared, and the uterus must be recon- 
structed in such a manner as to preserve as much muscle tissue as 
possible. In order to test the last point he injects an ampule of pitocin 
into the reconstructed uterus. The reaction to this injection becomes 
apparent by the contraction and rigidity of the uterus and thus, accord- 
mg to the degree of contraction, the presence or absence of sufficient 
uterine^ musculature is demonstrated. He calls attention to the fact 
that it is possible to ligate the uterine artery on one side without inter- 
ference with the nutrition of the uterus so that if such ligation becomes 
necessary in the course of a myomectomy, the surgeon should not 
assume that hysterectomy must follow. Myomectomy does give a 
much higher infection rate than hysterectomy because of the large 
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suggestion of malignancy in the uterus or if there is any infection 
present in the peritoneal cavity the blood should not be used. This 
method would be of value only in cases of very large tumors with greatly 
distended veins. 

Uncommon Forms of Myoma. Ordinarily myomata are confined to 
the body of the uterus. Should hysterectomy be decided upon, the 
operation is well standardized, and usually presents few difficulties. In 
some of the uncommon forms of myoma, however, problems arise in 
their removal which may tax the skill of even the most experienced 
gynecologist. In considering the management of intraligamentous myo- 
mas, Counseller 66 refers to the type of tumor which grows out into the 
cellular tissues of the broad ligament. Since the uterine vessels enter 
the uterus near the internal os and since the most fixed point in the 
entire course of the ureter from the kidney to the bladder is closely 
associated with the tumor at this point, these structures are pushed 
laterally during the growth of the tumor and may present real difficul- 
ties during the operation, frequently resulting in an injury to the ureter. 
The veins are often enlarged from pressure and under tension, when 
free from blood, may resemble a ureter. In differentiating between 
the two, he reminds us that if a ureter is snipped or otherwise irritated 
with a thumb forceps, it forcibly contracts, distinguishing it from a 
blood-vessel. Any attempt to remove a large myoma in this location, 
without adequate exposure and without opening the broad ligament 
widely so that important structures can be seen will result in trouble- 
some hemorrhage and perhaps injury to the ureter and bladder. It is 
his custom to open the broad ligament posteriorly, identify and retract 
the ureter at once so that any troublesome hemorrhage can be imme- 
diately controlled without fear of injury to the ureter. When a myoma 
extends from the posterior wall of the uterus far down behind the 
peritoneum of the cul-de-sac of Douglas, the ureters are both pushed 
laterally and the tumor grows upward in the mesentery of the sigmoid 
colon and the cecum. This type of tumor is often considered inoper- 
able, but it can be removed by careful dissection after retraction of the 
blood-vessels in the fat of the mesentery of the colon. The safest 
method, according to Counseller, is to begin the removal by cutting 
through the peritoneum near the point of origin of the tumor and work- 
ing laterally, always keeping in intimate contact with the wall of the 
tumor. A myoma on the lower anterior uterine wall may cause con- 
siderable distortion of the bladder. Counseller has found that the 
posterior wall of the bladder is often intimately attached to the fascial 
tissues adjacent to the fibroid, rendering difficult the separation of the 
fibroid from the bladder. If the bladder wall is injured during this 
separation, he has found it advisable to resect the wall of the bladder, 
leave it attached to the myoma and close the bladder with 2 rows of 
plain catgut. This is safer than to run the risk of development of a 
vesical fistula or secondary hemorrhage from the bladder. 

Ptdunculatul submucous myomas should be removed only by vaginal 
myomectomy. If the patient has had children, adequate exposure is 
always possible, but if she is a nullipara it may be necessary to perform 
a deep lateral episiotomv. The tumor should be grasped with the hand 
and not with instruments, since such tumors are soft, friable and hemor- 
rhagic. The cervix is usually large and soft enough to permit the index 
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He cannot understand why, in younger women, menstruation and the 
configuration of the vagina should be disturbed for prophylactic reasons 
only. It would not occur to any surgeon to remove the breast in a 
woman who had a mammary fibroma because later she might develop 
carcinoma. 

In the large series reported by Danforth 8 total hysterectomy was 
chosen only in those cases in which the cervix was noticed to he diseased 
or in which an early coincident cervical malignancy was suspected. He 
states that subtotal hysterectomy should always be preceded by careful 
study of the cervix and should only be done when the cervix is quite 
innocent in appearance. In expert hands the mortality of subtotal 
and total hysterectomy is about the same, but in the hands of the occa- 
sional operator the danger of injury to the bladder and ureters and the 
greater risk of contamination of the peritoneum increase the risk of 
operation considerably where total hysterectomy is employed. There- 
fore, he is of the opinion that frequent use of the more extended opera- 
tion should not be made by those whose operative experience is small. 
Should the cervix present evidence of endocervicitis and ectropion, it is 
possible to do a cervical plastic procedure and a subtotal hysterectomy 
at the same sitting. By this means a healthy cervix may be left without 
the necessity of opening into the vagina from above. In cases in which 
nothing is done to the cervix at the time of operation, later cauterization 
may be helpful, particularly if some discharge persists. He believes 
that it is of great importance that at least one ovary be preserved, and 
that the operation should be carried out in such a way that the ovary 
will remain in good condition and continue to function. For this pur- 
pose it is necessary that a good blood supply be provided and the exci- 
sion of the uterus carried out in such a manner that the hilum of the 
ovary with its contained vessels is not disturbed. If the ovary is left 
mobile the patient will be more comfortable than if it is fixed, therefore 
he does not attach the ends of the divided broad and round ligaments 
to the cervix unless it can be done without any tension. 

In contrast to the foregoing opinions, in analyzing their series of 
1001 cases of fibroids, Baer, Reis and DeCosta 1 state that the incidence 
of total hysterectomy in their practice has increased from 1.4% to 
14.6% over a 10-year period. However, they still employ the supra- 
vaginal operation in over one-half of their cases so that they cannot be 
called enthusiasts over the total operation. Their report also shows 
that they tend to do fewer myomectomies. The use of radium has 
steadily diminished, having dropped from 15% to 2%. They remove 
one or both adnexa in about one-half of the cases. Since they have had 
a mortality of 0.21 % in the last 484 consecutive patients, there can be 
little doubt but that their judgment and technique have been excellent. 

An interesting technical advance has been reported by Wallingford 18 
consisting of giving the patient an autotransfusion with blood from a 
hirge myoma. After the blood supply to the tumor has been ligated, 
a needle is inserted into a large uterine vein and the blood aspirated into 
n citrate solution, filtered and injected into an arm vein, as much as 
500 cc. being returned to the patient in this manner. The contraindi- 
cations to the procedure are infection and malignancy, therefore it is 
advisable to collect the blood but not inject it until after the uterus 
has been removed and opened for a careful inspection. If there is any 
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between a pregnant uterus and one which is symmetrically enlarged due 
to a soft fibroid. At times even at operation a fibroid uterus is very 
soft and cystic and has the same color as a pregnant uterus. In case 
of doubt Greenhill 9 advises studying the relationship of the round liga- 
ments and tubes to the uterine mass. In a myomatous uterus there is 
usually asymmetry of the round ligaments and tubes, but if they are 
symmetrical in their relationships to the fundus the surgeon should 
manipulate the uterus to try to feel a fetus. If this gives no definite 
information he should inject pituitary extract directly into the uterine 
musculature. A pregnant uterus will quickly contract symmetrically 
and become whitish in color. A uterus containing a large fibroid will 
ulso contract and become blanched but usually not to the same extent. 
Furthermore, it may be possible to outline a fibroid distinctly from the 
main portion of the uterus. If the injection of pituitary extract fails 
to differentiate between a pregnant and a fibroid uterus, it is safe to 
cut down into the uterine musculature very gently and deliberately 
until it is certain that the thick muscle is due to a fibroid or until the 
bag of waters is seen bulging into the incision. If a fibroid is present, 
no harm has been done; even when a pregnancy is present, one may cut 
down to the bag of waters with impunity in most cases. If the incision 
exposes a pregnancy, it should be sutured and the uterus left intact. 
If during operation a pregnancy is found in a fibroid uterus, Greenhill 
belie%’es that some or all of the fibroids should be removed and the 
gestation left undisturbed. If there are too many fibroids for enuclea- 
tion, it is best to leave the uterus and the pregnancy alone and close 
the abdomen. At full term a Cesarean section may be performed and 
the uterus amputated at the same time. 

Reis and Sinykin 17 report 18 myomectomies performed during preg- 
nancy without maternal mortality and with only 2 miscarriages. When 
performing myomectomy during pregnancy they caution that the uterus 
be handled its little as possible; the myomectomy should be done with 
the uterus in situ. The uterine cavity should be avoided, as they are 
convinced that the incidence of postoperative miscarriage rises in direct 
proportion to the incidence of uterine cavity invasion. Careful hemo- 
stasis is necessary to insure a safe outcome. They believe in removal 
of only the guilty fibroid. In many instances fibroids are multiple, and 
it is a natural tendency to remove all of them; the authors state, how- 
ever, that this is a serious mistake, since not only the patient but the 
pregnancy is much safer if the guilty fibroid alone is removed. They 
remind us that the majority of fibroids accompanying pregnancy require 
no treatment. The small group which shows evidence of acute degen- 
erative changes, infection, hemorrhage, those pedunculated fibroids 
which undergo torsion, those which because of location encroach upon 
the birth canal, and those which undergo very rapid growth should be 
removed during pregnancy. The operation should be done at the time 
indications arise and irrespective of the age of the fetus. Such a pro- 
cedure obviates the necessity of a Cesarean section followed by 
myomectomy or hysterectomy, a more complicated procedure than 
myomectomy followed by vaginal delivery. 

When one Ls confronted with the complication of a fibroid and preg- 
nancy at term Huber and Hesseltine 10 advise that natural delivery 
should be allowed to go on unless the size, number or location of tumors 
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finger to be introduced along tlie pedicle to note its union with the 
uterine wall. It is rarely necessary to ligate the stump, but if bleeding 
is troublesome the uterus may be packed after the introduction of some 
antiseptic solution into the uterine cavity. 

In considering cervical fibroids, Counseller and Collins 7 observe that 
these tumors commonly affect multiparas, usually at or soon after the 
menopause. Their first sign is often the appearance of a sudden, large, 
alarming vaginal hemorrhage. The tumor may fill the pelvis, obstruct- 
ing all the surrounding organs and often becoming adherent to neigh- 
boring structures, making surgical removal very difficult and dangerous. 
Local removal of either the smaller interstitial or pedunculated sub- 
serous types through the vagina may sometimes be done with ease and 
safety but the Iai’ge interstitial tumors require an intra-abdominal ap- 
proach and total hysterectomy. Recently in my own practice I had 
occasion to remove a very large cervical fibroid by total hysterectomy 
with all the usual technical difficulties and I was very glad to know that 
the incidence of these tumors is low, probably around 1 %. 

In reporting a case of torsion of a fibromatous uterus , Mclver and 
Buxton 12 comment on its rarity. The infrequency of this complication 
is understandable, if one considers the stability of the normal uterus, 
supported by the broad and round ligaments. These ligaments prevent 
lateral torsion, though they permit anterior and posterior motion. 
When the uterus is enlarged and rises out of the pelvis, the cervical 
segment is elongated, the ligaments are stretched and the chance of 
torsion becomes greater. The case which Mclver and Buxton report 
occurred in a 62-year-old woman. Acute symptoms and collapse were 
present. After preoperative transfusion, hysterectomy was performed 
under local anesthesia and the patient recovered. In these cases the 
tumor responsible for the twist is usually large, and the changes taking 
place in the uterus depend upon the extent to which the circulation is 
cut off; they vary from edema and congestion to actual necrosis. The 
torsion usually occurs at the isthmus, commonly from left to right and 
varies in extent from 90 to 450 degrees. These cases fall into two clini- 
cal groups: one giving the acute fulminating picture of a strangulated 
pedicle, while the other presents mild symptoms, without strangulation, 
which sometimes continue over a period of years. Prompt operation 
is indicated if the symptoms suggest strangulation. 

Fibroids and Pregnancy. According to Charlewood 4 fibroids undergo 
hypertrophy during pregnancy in response to hormonic influence. Such 
hypertrophy frequently outstrips the blood supply, and degeneration 
then occurs. Interstitial fibroids tend to be exteriorized by the con- 
tractions and thinning of the uterus during pregnancy. This exteri- 
orization is another factor which tends to interfere with the blood supply 
and thus cause necrobiosis. The oligemic uterus of the puerperium is 
responsible for further degenerative changes in fibroids because of the 
reduced blood supply to the tumors. Moreover, the puerperal uterus 
grips interstitial and submucous tumors, thereby accentuating the 
anemic condition of the fibroids. These tumors involute after preg- 
nancy in the same way as normal uterine tissue, sometimes becoming 
smaller than they were before the pregnancy because of the absorption 
01 at least some of the necrosed tissue. 

It is frequently impossible to differentiate on bimanual examination 



914 


PROGRESS OF MEDICAL SCIENCE 


to be followed by inhibition which is a much move enduring reflex. 
Both reflexes are eliminated by cutting the vagus nerves. 

Records of single afferent fibers show the presence in the lungs of 
two distinct kinds of stretch receptors, one of which adapts slowly as 
described by Adrian, while the other kind adapts rapidly when inflation 
is maintained, usually dropping out of action within a second. The 
slowly adapting endings are on the average of lower threshold than the 
rapidly adapting endings, which do not come into action during normal 
quiet breathing. 

Therefore the two kinds of response to inflation of the lungs may be 
explained by assuming that impulses from the slowly adapting receptors 
inhibit inspiration and that impulses from the rapidly adapting recep- 
tors excite inspiration. This interpretation of afferent function also 
accounts for excitation of inspiration by forced deflation of the lungs, 
for such deflation reduces the activity of many slowly adapting recep- 
tors, and many of the rapidly adapting receptors are stimulated by 
deflation as well as by inflation. 

It is suggested that the rapidly adapting receptors are part of an 
autogenous pulmonary reflex mechanism, which increases the depth of 
any unusually deep inspiration, and permits very deep inspirations to 
be caused by relatively weak stimuli from other parts of the body. 


Role of the Kidney in the Maintenance of Arterial Blood Pressure in 
Hemorrhage.* Angie S. Hamilton and Dean A. Collins (Depart- 
ment of Physiology, Temple University, School of Medicine). Since 
the kidney increases its production of pressor material in experimental 
renal hypertension, it appeared possible that this phenomenon might 
have a physiologic counterpart in conditions of stress altering renal 
circulation. To test this thesis for severe hemorrhage, three types of 
experiments were performed on over 50 dogs anesthetized with chlora- 
lose. 

1. Animals without renal circulation were unable to maintain their 
blood pressures in hemorrhage as well as controls subjected to cor- 
responding sham procedures. Thus a blood loss of 3S cc. per kg. in 
50 minutes lowered the blood pressures of the two groups to averages 
of 23 and 03 mm. Hg respectively. Half of the animals without renal 
circulation died shortly after the conclusion of the hemorrhage. Since 
other known renal functions cannot explain these differences, they 
suggest the liberation of pressor material by the kidney. 

2. Suggestive evidence was obtained that after extreme hemorrhage 
animals with intact renal circulation are partially or completely tachy- 
phylaetic to injected renin, while nephrectomized dogs are not. 

3. Samples of blood from the renal vein and femoral artery were 
tested for pressor activity by injection into a nephrectomized animal. 
Both bloods collected before hemorrhage gave insignificant responses. 
After hemorrhage (34—15 cc. per kg.) renal vein and femoral artery 
bloods gave pressor responses of 15-2S and 9-13 mm. Hg respectively. 

The above results support the thesis that the kidney liberates pressor 
material in hemorrhage and that this process constitutes a compensatory 
mechanism. This mechanism may be involved in hemorrhagic shock. 

* Supportcrl by :i ^raut from the American Philo-ophirat Society. 
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produces obstruction to the passage of the fetus. Trial of labor should 
be permitted in all doubtful cases. _ When operative interference prior 
to delivery is indicated by necrosis in the tumor, by obstruction to the 
birth canal or by failure of normal uterine mechanism, . it should con- 
sist of Cesarean section with hysterectomy. If operative interference 
becomes necessary during the puerperium, hysterectomy is also the 
procedure of choice. They caution that myomectomy with Cesarean 
section carries a rather high mortality and its employment is generally 
contraindicated. 

Frank B. Block, M.D. 
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Excitation and Inhibition of Inspiration by Distention of the Lungs. 
M. G. Larrabee and G. C. Knowlton (Department of Physiology and 
Biophysics, Cornell Medical College, and Johnson Foundation, Univer- 
sity of Pennsylvania). It has recently been shown by Worzniak and 
Gesell that in addition to the classical Hering-Breuer reflexes of inhibi- 
tion of inspiration by distention of the lungs and excitation by their 
collapse, inspiration may also be excited by inflating the lungs. We 
lave analyzed the afferent mechanisms of the two opposing reflexes 
elicited by lung inflation by recording the impulses discharged over 
single efferent fibers in the phrenic nerve and single afferent fibers in 
the vagus nerve of cats. 

In order to excite inspiration the lungs must be distended to a 
vo ume exceeding the depth reached in normal quiet breathing, whereas 
v ery small inflations suffice to inhibit inspiration. When the lungs are 
rapidly inflated and then held at a volume sufficient to excite inspira- 
1011, the efferent discharge which is evoked lasts only about a second, 
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In a natural diver its regular usefulness in conserving oxygen is apparent. 
In a sloth the emergency situation is unusual, but it shows that it is 
possible for the level of metabolism to be depressed quickly in re- 
spiratory stress. 


Correction. In the article by Coggoshail, Bennett, Warren and Bauer on "Syn- 
ovial Fluid and Synovial Membrane Abnormalities . . . in the October issue of 
this Journal (p. 4S61 the last word in the last sentence above Chart 3 on p. -190 should 
read “abnormal," instead of "normal." It should be noted also that Dr. Bennett’s 
position in the School is Assistant Professor of Pathology, instead of Assistant 
Professor in Medicine. 


Notice to Contributors. Manuscripts intended for publication in the American 
Jouiur.tr, op the Medical Sciences, and correspondence, should bo sent to the 
Editor, Dr, Edward B. Krumbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the American Journal of the Medical 
Sciences exclusively. 

All manuscripts should bo typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should bo indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author's noma 
written on the margin. The recommendations of the American Medical Association 
Stylo Book should be followed. It is important that references should be numbered 
and at the end of the articles, arranged alphabetically according to the name of the 
first author and should be complete, that is, author's name, journal, volume, page 
and year (in Arabic numbers). 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty reprints aro furnished gratis — with covers if over -1 pages; 
additional reprints may bo had in multiples of 250 at the expenso of the author. 
They should be asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the Journal, will be 
translated at its expenso. 
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The Role ol Carbonic Anhydrase in Certain Ionic Exchanges. 
M. H. Jacobs and Dorothy R. Stewart (Departments of Physiology, 
University of Pennsylvania and Skidmore College). One of the authors 
(Cold Spring Harbor Symposia, 8, 30, 1940) has suggested a mechanism, 
analogous to chemical catalysis but involving a diffusion equilibrium 
rather than a chemical equilibrium, by which the rate of entrance of 
certain ammonium salts into the erythrocyte is greatly accelerated by 
low concentrations of bicarbonates (0rskov: Pfl tiger’s Arch., 231, 680, 
1933). An essential part of the suggested mechanism is a cycle involving 
the conversion within the cell of CO 2 to HOO^ and the reverse change 
in the surrounding solution. A necessary consequence of such a theory 
would he an influence on the over-all rate of the process of the enzyme 
carbonic anhydrase. Such an influence, very striking in its magnitude, 
has been found, both by inactivating the carbonic anhydrase already 
present in the cells with IvCN or sulfanilamide, and also by the addition 
under appropriate conditions of more of the enzyme to the surrounding 
solution. With concentrations of sulfanilamide approaching saturation, 
the bicarbonate effect may be almost completely (but reversibly) 
abolished without greatly altering the general osmotic properties and 
permeability of the cell. Under properly chosen conditions a measur- 
able inhibition can be demonstrated with concentrations of sulfanila- 
mide as low as a few hundredths of a milligram per 100 cc. Sulfa- 
pyridine seems completely to lack this inhibitory power. By the same 
general methods the principle of catalysis of diffusion by bicarbonates 
can be extended to the volume changes of erythrocytes which occur 
on altering the pH of the medium, and also to exchanges of Cl' from the 
erythrocyte for SO'h from the surrounding medium. There is reason 
to believe that bicarbonates and carbonic anhydrase may also behave 
m a similar manner in certain tissues other than the blood. 


The Depression of Metabolism During Diving. Laurence Irving, 
P- P. Scho lander and S. W. Grinnell (Edward Martin Laboratory, 
Swarthmore College). It has been shown that the use of oxygen by 
seals during recovery from a dive frequently fails to compensate for 
the lack of oxygen use during the dive (Scholander, P. F., Hvalraadets 
Skrifter, No. 22, Det Norske Videnskaps Akademi i Oslo, pp. 1-129, 
1940). A decline of body temperature has also been observed during 
a dive, and the two observations support the view that the level of 
metabolism of the seal is depressed during diving. 

The possibility that the metabolic rate of a mammal can thus be 
quickly depressed was tested in studies of the three-toed sloth, Brady pus 
t ndaetyliis , at Barro Colorado Island, Panama Canal Zone. The sloths 
easily endured repeated submersions for 20 minutes. Measurements 

0 respiratory metabolism were recorded by Scholander's difference 
respirometer. In recovery from dives, there was very little or no extra 
use of oxygen to indicate a restitution of any considerable anaerobic 
pioeess. The small lactic acid formation in the dive had practically 
( !sa PPeared after 10 minutes recovery. It is thus shown that the 
metabolism of the sloth is very much depressed during a dive. The 

1 eduction conserves oxygen stores and is of regular occurrence in seals. 
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